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PROBLEM TO BE SOLVED: To modulate in intensity at a high 
precision a laser diode, in particular laser diodes having a common 
cathode in a laser diode array. 

SOLUTION: Between a power supply Vcc and sources of MOS 
transistors P2 and P5 constituting a plurality of current sources 80 
and 82, resistors R1 and R2 are connected, respectively. For the 
resistors R1 and R2, respective ratios between a ratio W/L of a 
gate width W to a gate length L of the MOS transistor P2, P5 and 
the inverse of a resistance value have the same value. In addition, 
the resistors R1 and R2 have resistance values which allow output 
resistance values of the respective current sources 80 and 82 
viewed from the side of a laser diode LD-A to be capable of driving 
laser diodes and become sufficiently larger than differential 
resistance values of the laser diodes in their modulated operations. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
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CLAIMS 



[ClaimCs)] 

[Claim 1] After carrying out automatic light control of the laser diode so that the amount of luminescence 
of a laser diode may become a value corresponding to reference voltage based on the comparison result of 
a comparison means to measure the reference voltage for the light control of a laser diode, and the 
detection output of the amount of luminescence of a laser diode, In the laser diode driving gear which 
modulates a laser beam based on a picture signal While consisting of resistance with which it connected 
between a maintenance means to hold the output of the comparison means at the time of said automatic 
light control termination, and the source of an MOS transistor and this MOS transistor, with which common 
connection of the gate which undergoes the output of this maintenance means respectively was made, 
touch-down or a power source Two or more current sources which supply the drive current for driving a 
laser diode, Two or more 1st switching means established between each of two or more of these current 
sources, and a laser diode. The control means which modulates the drive current supplied to said laser 
diode by operating alternatively said two or more 1st switching means based on said picture signal, In the 
MOS transistor which **** and constitutes each of two or more of said current sources, and said 
resistance The ratio of transistor ratio W/L which is the ratio of gate width W of an MOS transistor and 
gate length L, and the inverse number of the resistance of said resistance is the same. And the laser diode 
driving gear characterized by making it the value to which the output resistance value of two or more of 
said current sources seen from the laser diode side can drive a laser diode, and becomes sufficiently larger 
than the differential resistance of said laser diode at the time of modulation actuation. 
[Claim 2] In a laser diode driving gear according to claim 1 , between the gates of an MOS transistor, the 
touch-down, or the power sources which constitute each of two or more of said current sources The 2nd 
switching means by which the capacitor which has a capacity smaller than 256 times with the total larger 
capacity of the capacity between the drain gates of each of said MOS transistor than 16 times is 
connected, and said maintenance means is connected to the outgoing end of said comparison means in an 
end, It has the output resistance from which the time constant expressed with a product with the total 
capacity of the capacity between the drain gates of each of said MOS transistor and the capacity of said 
capacitor serves as a period which is 1 pixel of a picture signal about. The buffer amplifier with which the 
input edge was connected to the other end of said 2nd switching means, and the input stage consisted of 
MOS transistors, It constitutes from a capacitor holding the output of said comparison means by which an 
end is connected to the input edge of this buffer amplifier, and the other end is grounded. It is the 
differential mold current switch which consists of two MOS transistors to which common connection of the 
source is made, it is connected to each output side of two or more of said current sources, and the gate 
drives each of two or more of said 1st switching means by the complementary signal. One drain of two 
MOS transistors is connected to said laser diode, this — The laser diode driving gear characterized by for 
the volt ampere characteristic of a direct current and the impedance of said abbreviation [ laser diode, 
abbreviation, etc. ] in the operating point having been in the drain of another side by carrying out, and 
connecting a load so that both the drain electrical potential difference at the time of turning on 
complementary may become equal. 

[Claim 3] In a laser diode driving gear according to claim 2, the 2nd switching means which constitutes said 
maintenance means consists of MOS transistors. In the PN junction of the source drain of the MOS 
transistor which constitutes said 2nd switching means The PN-junction area of the substrate of the P- 
channel MOS transistor connected to a power-source side, and the source drain of this transistor, Said 
2nd switching means has a ratio with the PN-junction area of the substrate of the N-channel MOS 
transistor connected to the earth side, and the source drain of this transistor in an OFF state. The laser 
diode driving gear characterized by being set up so that it may change in the direction in which the amount 

httD://www4jDdl.nciDi.gojp/cgi-bin/to 06/02/07 



JP.11-066595.A [CLAIMS] 2/2 K ^ 

of luminescence of this laser diode decreases with time amount while said laser diode is emitting light. 
[Claim 4] It is constituted so that a single photodetection means to detect the amount of luminescence of 
a laser diode may be shared with two or more laser diode driving gears. And so that the amount of 
luminescence of two or more laser diodes may become a value corresponding to reference voltage based 
on the comparison result of a comparison means to measure the reference voltage for the light control of a 
laser diode, and the detection output of said photodetection means In the drive approach of the laser diode 
which carries out light control of two or more laser diodes by time sharing It gives a comparison means of a 
laser diode driving gear to drive one laser diode, the reference voltage for the light control of any one laser 
diode in said two or more laser diodes — this — To each comparison means of a laser diode driving gear 
to drive other remaining laser diodes, respectively The value which added the difference with the offset 
voltage which each quantity of light control system including each comparison means of a laser diode 
driving gear to drive the offset voltage which a quantity of light control system including a comparison 
means by which this reference voltage is given to said reference voltage has. and said each of other 
remaining laser diode has is made into reference voltage. The drive approach of the laser diode 
characterized by giving. 



[Translation done.] 
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DETAILED DESCRIPTION ^ 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the drive approach of a suitable laser diode driving gear to 
use it for the image formation equipment which forms an image in a photo conductor, and a laser diode, 
changing the luminescence quantity of light of a laser diode using a laser diode array. 
[0002] 

[Description of the Prior Art] An image output is accelerated, and the semiconductor laser component of 
wavelength which is different also in optical communication by forming the optical output of semiconductor 
laser components, such as a laser diode, into a multi-beam in a recent-years, for example, laser, 
xerography is made on the same chip, and the attempt which raises an optical-communication rate by 
multiplexing of wavelength is made. 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, generally as for the laser diode array in which two 
or more laser diodes currently used for such an application were formed on the same substrate, the 
cathode is connected in common. This is based on that the equivalent series resistance of a laser diode is 
lowered for those who used the N type substrate, and a high speed drive can be performed, and the reason 
for being advantageous also in respect of the yield. 

[0004] The current source of a discharge mold is required to drive the laser diode array to which such a 
cathode was connected in common on the other hand. Conventionally, MESFET of a bipolar transistor or a 
compound semiconductor has been used for the current source which drives a laser diode. Although a PNP 
transistor is needed for constituting from a bipolar transistor when it is going to make a discharge mold 
current source from these processes, a high-speed drive cannot be performed in the lateral mold PNP 
transistor usually used. 

[0005] On the other hand, the vertical mold PNP transistor in which a high-speed drive is possible has a 
complicated manufacture process, and it is expensive. Moreover, even if the mobility of a hole is small in 
the case of a compound semiconductor and the P channel mold FET is made, there will be no merit using a 
compound semiconductor, therefore, to carry out the high-speed drive of the laser diode by the current 
source of a discharge mold For example, the current switch 12 in which the high-speed switching which 
consists of transistors Q1 and Q2, and the discharge mold current source 10 which consists of resistance 
R1 and R2, and which is not switched and transistors Q3 and Q4 as shown in drawing 3 R> 3 is possible is 
connected to a serial. It stops that make the outflow current from a current source 10 flow into a 
transistor Q6 side, and a laser diode LD HE current flows by turning on the transistor Q3 of the current 
switch 12. It is made for a current to flow from a current source 10 to a laser diode LD through diode D1 
by turning off the transistor Q3 of the current switch 12 (JP,4-240787,A, JP,6-139607,A). 
[0006] It can constitute from this method like so that the output capacitance of a discharge mold current 
source may not influence the modulation rate of the output of a laser diode by it not being necessary to 
switch a discharge mold current source with a slow working speed and, and connecting a discharge mold 
current source with a current switch through an inductance. 

[0007] However, as shown to drawing 4 in this method, what carried out parallel connection of the current 
sources Q17 and Q18 by which series connection was carried out to two or more current switches 22 and 
24 and these is connected to the discharge mold current sources 20 and 26 at a serial, and when intensity 
modulation of the output of a laser diode is carried out by driving alternatively two or more current 
switches 22 and 24 and the output of a laser diode is made low, the problem that a noise increases arises. 
[0008] Namely, the source 26 of a bias current where, as for the current source shown in drawing 4 t the 
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threshold current of a laser diode LD was set up, It is based on the suction current I of the suction mold 
current source 22. The output current The discharge mold current source 20 of 3x1, The suction mold 
current source 22 of 1x1 and an absorption current use two suction mold current sources of the suction 
mold current source 24 of 2x1, and the suction current constitutes the current source in which the 
intensity modulation of 4 level of 0, 1x1, 2x1, and 3x1 is possible. In drawing 4 , the threshold current is 
supplied to the laser diode LD by the source 26 of a bias current. In case a semiconductor laser 
component drives a threshold current here, it says the current which flows for a semiconductor laser 
component in the point which shifts to a laser oscillation condition from a spontaneous-emission condition 
to it. The case where it would absorb by inputting the control signals 1 and 2 which control transistors Q12 
and Q14 to be in switch-on or non-switch-on, respectively, and the transistors Q12 and Q14 of the mold 
current sources 22 and 24 will be in non-switch-on is considered. In this case, since discharge current 3x1 
which flows out of the discharge mold current source 20 has the transistors Q12 and Q14 of two suction 
current sources 22 and 24 in non-switch-on, it flows to a laser diode LD altogether. 
[0009] Next, if it absorbs with a control signal 2 and the transistor Q14 of the mold current source 24 is 
made into switch-on, since the absorption mold current source 24 will drive, to a laser diode LD, the 
current I which absorbed from discharge current 3x1 and deducted absorption current 2x1 by the mold 
current source 24 flows. By the way, considering the shot noise generated with a transistor at this time, it 
will absorb with control signals 1 and 2, and the transistors Q12 and Q14 of the mold current sources 22 
and 24 will be in non-switch-on, and when discharge current 3x1 which flows out of the discharge mold 
current source 20 flows altogether to a laser diode LD, a S/N ratio becomes 3 rootI/root3 time by root 
(3x1). 

[0010] However, absorb with a control signal 2 and the transistor Q14 of the mold current source 24 is 
made into switch-on. When only 1x1 of the discharge current 3x1 flows to a laser diode LD, The discharge 
mold current source 20 side a shot noise since there is no correlation in a noise at the suction mold 
current source 24 side — the square of root by the side of the discharge mold current source 20 (3x1) — 
** — it absorbs, and becomes square root root (5x1) of sum 51 with the square of root by the side of the 
mold current source 24 (2x1), and the S/N ratio at this time falls to rootl/rootS time. When this method 
performs intensity modulation so that this may show, a S/N ratio falls, so that especially level is small, 
image quality [ in / in this / a laser xerography ] — 1 or it becomes a problem by the laser beam 
communication link of a multiple value etc. There was a problem in the thing which was constituted from 
these reasons by the NPN transistor of a bipolar transistor, and N channel mold field-effect transistor of 
MESFET and which absorb and constitutes a discharge mold current source using a mold current source. 
[001 1] On the other hand, the laser driver by MOSFET is indicated by JP,7-335957,A and JP,8-293837,A. 
If it is CMOS, it is possible to make both a PMOS transistor and an NMOS transistor, and moreover, the 
mutual conductance gm near [ in recent years ] a bipolar transistor has come to be obtained by gate 
length's ****-ization. 

[0012] The technical problem 1 and the inclination for which the drain current of an MOS transistor 
depends [ time ] on the electrical potential difference between the drain sources in a pinch-off field by 
gate length's ****-ization became large. If the current supplied to a laser diode changes when a constant 
current source is constituted and it operates it by the MOS transistor, the terminal voltage of a laser diode 
will change, as a result, the current value of a current source is changed, and this has a problem of the 
output current of a current source stopping being proportional to the input data in intensity modulation 
correctly. 

[0013] The configuration of the laser diode driving gear which has the discharge mold current source which 
used PMOS for technical-problem 2 drawing 5 , and in which intensity modulation is possible is shown. In 
this drawing, intensity modulation becomes possible by controlling the current switches 34 and 35 on which 
the threshold current Ith of a laser diode LD was set by the source 30 of a bias current, and the discharge 
mold current source 32 (discharge current 1x1) which carried out weighting, and the discharge mold current 
source 33 (discharge current 2x1) were connected to the discharge mold current sources 32 and 33 by 
control signals P0 and PI. The gate potential of the PMOS transistor which constitutes each discharge 
mold current sources 32 and 33 for intensity modulation The CMOS switch 38 which constitutes a sample 
hold circuit 37 before starting a modulation is turned ON by making a control signal CS high-level. It is 
determined by carrying out negative feedback of the output of the photodiode PD which received the 
output light of a laser diode LD to a comparator 36, and the CMOS switch 38 is turned OFF, the value is 
held to Capacitor Csh, and it considers as the control voltage Vsh at the time of a modulation. Since the 
gate input impedance is high, direct continuation especially of the MOSFET can be carried out to the 
terminal of the capacitor Csh by which the control voltage at the time of a modulation is held as shown in 
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drawing 5 . 

[0014] However, conventionally, by binary Pulse Density Modulation, when having not become a problem 
performs intensity modulation, it becomes a problem. For example, drain electrical potential difference Vdr1 
of the PMOS transistor M1 which constitutes a current source 33 if a control signal P1 is made into a low 
level from high level in the example of drawing 5 It goes up from touch-down potential to the terminal 
voltage VLD of laser. This drain electrical potential difference Vdr1 Change raises control **** Vsh 
through the capacity between the drain gates of the transistor M1 which constitutes a current source 33. 
Consequently, the output current value of current sources 32 and 33 decreases. Thus, by opening and 
closing a current switch for intensity modulation, control voltage Vsh changed and there was a trouble of 
the output current stopping corresponding correctly to modulation data. 

[0015] while constituting the current source which supplies a drive current to technical-problem 3 laser 
diode from an MOS transistor, if the sample hold circuit which holds current source control voltage during 
a modulation period is also constituted from an MOS transistor, current stability can be boiled markedly 
and it can improve. In the laser xerography which uses especially a laser diode array and performs high- 
speed writing, the merit is large. Since there is only one photodiode which receives the output light of a 
laser diode to two or more laser diodes, the light control before the modulation of a laser diode array has 
usually set up the quantity of light by time sharing. By time sharing, it divides roughly as an approach of 
carrying out light control, and there are two. One is the method which changes the laser diode which 
carries out light control for every line, and since the time amount to the next light control is long, DORUPU 
(voltage variation) of the current source control voltage currently held to the capacitor during the 
modulation period poses a problem, so that there are many laser diodes which should be carried out light 
control, although the time amount which the light control occupied in one line takes is not different from 
single laser. 

[0016] It is the approach one [ one more ] approach carries out light control of all the laser diodes into one 
line each time, and since light control of all the laser diodes is carried out for every line in this case and 
the capacitor for sample hold of a sample hold circuit is recharged, DORUPU of a sample hold circuit does 
not become a problem. 

[0017] However, the time amount of the light control occupied in one line must become so long that there 
are many laser diodes, must shorten the modulation period for writing in an image that much, and causes 
the fall of writing speed. Therefore, in order not to reduce the engine performance of a laser xerography, it 
is necessary to improve, the DORUPU property of a sample hold circuit. 

[0018] By the conventional single laser, moreover, only in the case of Pulse Density Modulation, since it 
was always fixed, as for the problem of DORUPU, quantity of light fluctuation of the scanning direction of 
laser did not become a big problem on vision by the application to a laser xerography for every scan. 
However, when a laser diode was changed for every one scan and light control of a laser diode was 
performed using the laser diode array put in order in the scanning direction of laser, and the direction of 
vertical scanning of a right angle, the timing of light control differed with the laser diodes which a laser 
diode array adjoins, and since slight DORUPU affected image quality, DORUPU needed to be controlled 
further. An MOS transistor can make easily the sample hold circuit which was extraordinarily excellent in 
the DORUPU property compared with the bipolar transistor. 

[0019] By the way, a CMOS switch will be used, if it is usually a CMOS process as shown in a sample hold 
circuit at drawing 6 (a). This is for making it not dependent [ the on resistance of a switch ] on the terminal 
voltage of a switch. In drawing 6 , an NMOS switch, drawing 6 (c), and (e) show the sample hold circuit 
where drawing 6 (a) used the CMOS switch and, as for a switch with a CMOS noise canceller, drawing 6 
(d), and (f), drawing 6 R> 6 (b) used the switch with an NMOS noise canceller, respectively. In drawing 6 , 
100-105 are noise cancellers. 

[0020] Generally the transistor size of the PMOS transistor of a CMOS switch and an NMOS transistor is 
decided in two viewpoints. By the case where a switching noise (leakage lump of the charge produced 
through capacity coupling from the gate) is made into min, one designs the gate width of a PMOS 
transistor and an NMOS transistor equally. Since the feed through from the gate of a PMOS transistor and 
an NMOS transistor is reversed polarity when it carries out like this, the switching noise produced to a 
PMOS transistor and an NMOS transistor offsets each other, however, a switching noise is strictly offset 
by this method — the breadth of the inversion layer under the gate — a PMOS transistor and an NMOS 
transistor — it is — etc. — about [ of the becoming supply voltage to spread ] — it is only at one half of 
the times, and on other electrical potential differences, since the feed through by the inversion layer of 
CMOS switch both ends differs with a PMOS transistor and an NMOS transistor, each other is not offset.* 
For this reason, in order to connect to the terminal by the side of Capacitor Csh the MOS transistor of the 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



06/02/07 



JP,-11-066595,A [DETAILED DESCRIPTION] 



dummy which made gate width of an MOS transistor one half or to raise the effectiveness of noise 
cancellation further not to be based on supply voltage but reduce a switching noise, connecting the MOS 
transistor of the dummy which made gate width one half also between comparator outputs is also 
performed. 

[0021] Another viewpoint sets to W gate width of the gate of the PMOS transistor which constitutes a 
CMOS switch from a case where the supply voltage dependency of on resistance is made small, and an 
NMOS transistor, sets gate length to L, and designs the ratio (transistor ratio) of W/L by the inverse 
number ratio of the mobility of a hole and an electron. If it carries out like this, the value of the on 
resistance of a PMOS transistor when the potential of the both ends of a CMOS switch is in agreement 
with supply voltage, and the on resistance of an NMOS transistor when the potential of CMOS switch both 
ends is in agreement with touch-down potential will become equal. With a CMOS switch, since a low 
switching noise is required as usually low on resistance, the PMOS transistor and NMOS transistor which 
constitute a CMOS switch are min, and equal channel length designs them. For this reason, even if it 
designs in which viewpoint the width of face of a PMOS transistor and an NMOS transistor is equal, or the 
gate width of a PMOS transistor becomes large. Consequently, with a PMOS transistor and an NMOS 
transistor, omit, and supposing the PN-junction leak per unit area is equal Since N substrate is connected 
to the power source with the PMOS transistor when it is left, while the sample hold circuit has been a 
HOLD status, Since leakage current flows into the capacitor Csh for sample hold through the PN junction 
of this N substrate and P layers which are source drains and P substrate is grounded with the NMOS 
transistor, Leakage current flows out of the capacitor Csh for sample hold through the PN junction of this 
P substrate and N layer which is a source drain. Consequently, the output of a sample hold circuit is 
converged on the electrical potential difference of I/2 or more supply voltage, as the leak from the PN 
junction of the source drain of an NMOS transistor and a PMOS transistor shows to drawing 7 . When the 
NMOS transistor of a CMOS switch was driven on this electrical potential difference, there was a problem 
that an excessive current flowed to a laser diode and destroyed a laser diode. 

[0022] In the automatic light control of a technical-problem 4 laser-diode array, as already stated, light 
control is carried out by time sharing to two or more laser diodes using one photodiode. Therefore, the 
automatic light control of each laser diode should just compare with one reference voltage corresponding 
to the desired value of the amount of luminescence of a laser diode one photodiode output which detects 
the optical output of a laser diode by the comparator as an error detection means. However, since offset 
differed separately, two or more comparators used in fact for automatic light control needed to be doubled 
with each comparator, and whenever the reference voltage of each comparator changed reference voltage, 
they needed to adjust it for every laser diode. 

[0023] This invention is made in view of such a situation, and it sets it as the 1st purpose to offer the laser 
diode driving gear which aimed at improvement in intensity modulation precision. 

[0024] Moreover, it sets it as the 2nd purpose to offer the laser diode driving gear which can prevent that 
the laser diode under luminescence damages this invention according to an overcurrent even if a 
maintenance means (sample hold circuit) to hold the control voltage which controls the drive current of a 
laser diode by malfunctions, such as a halt of a control system, continues the maintenance condition of 
control voltage. 

[0025] Furthermore, this invention sets it as the 3rd purpose to offer the drive approach of the laser diode 
which can control the quantity of light of two or more laser diodes of all only by adjusting one reference 
voltage for setting the luminescence quantity of light of a laser diode as desired value with high precision. 
[0026] 

[Means for Solving the Problem] In order to attain the 1st purpose invention according to claim 1 After 
carrying out automatic light control of the laser diode so that the amount of luminescence of a laser diode 
may become a value corresponding to reference voltage based on the comparison result of a comparison 
means to measure the reference voltage for the light control of a laser diode, and the detection output of 
the amount of luminescence of a laser diode, In the laser diode driving gear which modulates a laser beam 
based on a picture signal While consisting of resistance with which it connected between a maintenance 
means to hold the output of the comparison means at the time of said automatic light control termination, 
and the source of an MOS transistor and this MOS transistor, with which common connection of the gate 
which undergoes the output of this maintenance means respectively was made, touch-down or a power 
source Two or more current sources which supply the drive current for driving a laser diode, Two or more 
1 st switching means established between each of two or more of these current sources, and a laser diode, 
The control means which modulates the drive current supplied to said laser diode by operating alternatively 
said two or more 1st switching means based on said picture signal, In the MOS transistor which **** and 
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constitutes each of two or more of said current sources, and said resistance The ratio of transistor ratio 
W/L which is the ratio of gate width W of an MOS transistor and gate length L, and the inverse number of 
the resistance of said resistance is the same. And it is characterized by making it the value to which the 
output resistance value of two or more of said current sources seen from the laser diode side can drive a 
laser diode, and becomes sufficiently larger than the differential resistance of said laser diode at the time 
of modulation actuation. 

[0027] Each of two or more current sources which supply the drive current for driving a laser diode in the 
laser diode driving gear of the above-mentioned configuration Resistance is connected and constituted, 
respectively between the source of an MOS transistor and this MOS transistor, touch-down, or a power 
source. In the MOS transistor which constitutes each of two or more of said current sources, and said 
resistance, the ratio of transistor ratio W/L and the inverse number of the resistance of said resistance is 
the same. And since it was made the value to which the output resistance value of two or more of said 
current sources seen from the laser diode side can drive a laser diode, and becomes sufficiently larger than 
the differential resistance of said laser diode at the time of modulation actuation In case intensity 
modulation of the drive current of a laser diode is carried out, while being able to control output fluctuation 
of the drive current by fluctuation of the electrical potential difference between terminals of a laser diode 
and being able to aim at improvement in the intensity modulation precision of a laser diode It becomes 
possible to correspond also to a laser diode with the large electrical potential difference between terminals 
of a laser diode. What is necessary is just to adjust this resistance so that the output resistance value of a 
current source may become 16 or more times of this at least when performing intensity modulation (the 
gradation for several ohms - 10 ohms of numbers (for example, 16 gradation) of the dynamic resistance of 
the laser diode near a threshold current) in the case of several 10mW infrared laser actually marketed. 
[0028] Moreover, invention according to claim 2 is set to a laser diode driving gear according to claim 1. 
Between the gates of an MOS transistor, the touch-down, or the power sources which constitute each of 
two or more of said current sources The 2nd switching means by which the capacitor which has a capacity 
smaller than 256 times with the total larger capacity of the capacity between the drain gates of each of 
said MOS transistor than 16 times is connected, and said maintenance means is connected to the outgoing 
end of said comparison means in an end, It has the output resistance from which the time constant 
expressed with a product with the total capacity of the capacity between the drain gates of each of said 
MOS transistor and the capacity of said capacitor serves as a period which is 1 pixel of a picture signal 
about. The buffer amplifier with which the input edge was connected to the other end of said 2nd switching 
means, and the input stage consisted of MOS transistors, It constitutes from a capacitor holding the 
output of said comparison means by which an end is connected to the input edge of this buffer amplifier, 
and the other end is grounded. It is the differential mold current switch which consists of two MOS 
transistors to which common connection of the source is made, it is connected to each output side of two 
or more of said current sources, and the gate drives each of two or more of said 1st switching means by 
the complementary signal. One drain of two MOS transistors is connected to said laser diode, this — It is 
characterized by for the volt ampere characteristic of a direct current and the impedance of said 
abbreviation [ laser diode, abbreviation, etc. ] in the operating point having been in the drain of another side 
by carrying out, and connecting a load so that both the drain electrical potential difference at the time of 
turning on complementary may become equal. 

[0029] In the laser diode driving gear of the above-mentioned configuration, two or more current sources, 
respectively It connects with a laser diode through the 1st switching means which is the differential mold 
current switch which consists of two MOS transistors. In case intensity modulation of the drive current 
which drives a laser diode by operating the 1st switching means of the above alternatively is carried out 
Enough from the total capacity of the capacity between the drain gates of the MOS transistor which 
constitutes said current source even if it changes the level of the modulating signal which is a 
complementary signal which drives each 1st switching means of the above The capacitor which has a large 
capacity is connected between the gates of an MOS transistor, the touch-down, or the power sources 
which constitute each of two or more current sources, and the volt ampere characteristic of the laser 
diode and direct current to the drain of one MOS transistor of two MOS transistors which constitute each 
of the 1st two switching means and the impedance in the operating point — abbreviation — by connecting 
an equivalent load Since the voltage variation of the gate of the MOS transistor which constitutes each of 
two or more current sources can be controlled, improvement in the precision of intensity modulation can 
be aimed at. 

[0030] In order to attain the 2nd purpose invention according to claim 3 In a laser diode driving gear 
according to claim 2, the 2nd switching means which constitutes said maintenance means consists of MOS 
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transistors. In the PN junction of the source drain of the MOS transistor which constitutes said 2nd 
switching means The PN-junction area of the substrate of the P-channel MOS transistor connected to a 
power-source side, and the source drain of this transistor, Said 2nd switching means has a ratio with the 
PN-junction area of the substrate of the N-channel MOS transistor connected to the earth side, and the 
source drain of this transistor in an OFF state. While said laser diode is emitting light, it is characterized by 
being set up so that it may change in the direction in which the amount of luminescence of this laser diode 
decreases with time amount. As a configuration of the MOS transistor of the 2nd switching means, there 
are drawing 6 (a) thru/or (f), and it can be used, even if it constitutes so that the NMOS transistor in this 
drawing (b), (d), and (f) may be further permuted by the PMOS transistor. In addition, it is also possible to 
float from a power source and touch-down, to make the substrate of a PMOS transistor or an NMOS 
transistor into another potential, and to operate it respectively. 

[0031] Since the maintenance electrical potential difference of a maintenance means changes in the 
direction in which the amount of luminescence of a laser diode decreases with the passage of time within a 
modulation period even if the condition that luminous laser should be held by halt of a control system etc. 
in the laser-diode driving gear of the above-mentioned configuration, and the output of a comparison 
means should be held by the maintenance means continues at the outside of a modulation period, a laser 
diode can -ed ** according to an overcurrent, or it can prevent that the irradiated plane of a laser diode 
wins popularity in damage. 

[0032] In order to attain the 3rd purpose invention according to claim 4 It is constituted so that a single 
photodetection means to detect the amount of luminescence of a laser diode may be shared with two or 
more laser diode driving gears. And so that the amount of luminescence of two or more laser diodes may 
become a value corresponding to reference voltage based on the comparison result of a comparison means 
to measure the reference voltage for the light control of a laser diode, and the detection output of said 
photodetection means In the drive approach of the laser diode which carries out light control of two or 
more laser diodes by time sharing It gives a comparison means of a laser diode driving gear to drive one 
laser diode, the reference voltage for the light control of any one laser diode in said two or more laser 
diodes — this — To each comparison means of a laser diode driving gear to drive other remaining laser 
diodes, respectively The value which added the difference with the offset voltage which each quantity of 
light control system including each comparison means of a laser diode driving gear to drive the offset 
voltage which a quantity of light control system including a comparison means by which this reference 
voltage is given to said reference voltage has, and said each of other remaining laser diode has is made into 
reference voltage. It is characterized by giving. 

[0033] By the drive approach of the laser diode of the above-mentioned configuration It gives a 
comparison means of a laser diode driving gear to drive one laser diode, one reference voltage for the light 
control of any one laser diode in two or more laser diodes — this — To each comparison means of a laser 
diode driving gear to drive other remaining laser diodes, respectively The value which added the difference 
with the offset voltage which each quantity of light control system including each comparison means of a 
laser diode driving gear to drive the offset voltage which a quantity of light control system including a 
comparison means by which this reference voltage is given to said one reference voltage has, and said 
each of other remaining laser diode has is made into reference voltage. It can give and the rest can 
perform quantity of light adjustment of all laser diodes with high precision by adjusting only the one above- 
mentioned reference voltage. 
[0034] 

[Example] The gestalt of operation of this invention is explained with reference to a drawing. The 
configuration of the laser diode driving gear concerning the gestalt of operation of this invention is shown 
in drawing 1 . The laser diode driving gear concerning the gestalt of this operation forms only one photo 
detector PD as a photodetection means to detect laser diode LD-A and the output light of LD-B to two 
laser diode LD-A and LD-B, and to output a photocurrent, and it is constituted so that automatic light 
control of laser diode LD-A and LD-B may be carried out by the drive circuit A and the drive circuit B and 
intensity modulation may be carried out by time sharing. Since the configuration of two drive circuits A and 
B is the same, the drive circuit A is explained here. In drawing 1 R> 1 , common connection of the cathode 
of laser diode LD-A and LD-B is made, and it is grounded. The current sources 80 and 82 with weight are 
connected through the current switches 76 and 78 corresponding to the 1st switching means of this 
invention in the anode of laser diode LD-A. From the resistance R1 to which the current source 80 was 
connected between the source of the PMOS transistor P2 and the PMOS transistor P2, and a power 
source Vcc, the current source 82 consists of resistance R2 connected between the source of the PMOS 
transistor P5 and the PMOS transistor P5, and a power source Vcc, respectively. Weighting of the output 
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current ratio of current sources 80 and 82 is carried out to 1:2, and transistor ratio W/L (W is gate width 
and L is gate length.) of the PMOS transistors P2 and P5 is set up so that the output current of a current 
source 80 may be set to 1x1 and the output current of a current source 82 may be set to 2x1 on the basis 
of the output current of a current source 80. 

[0035] Moreover, the resistance of the resistance R1 and R2 which forms the output resistance of current 
sources 80 and 82 The ratio of the inverse number and transistor ratio W/L of the PMOS transistors P2 
and P5 is equal respectively. The resistance of the output resistance of the current sources 80 and 82 
seen from the laser diode LD-A side can drive laser diode LD-A. And enough from the differential 
resistance of laser diode LD-A at the time of after [ a modulation ] actuation When performing intensity 
modulation of the value which becomes large, for example, 16 gradation, one 256 times [ 16 to ] the value 
of said differential resistance of this is chosen. It is because the margin of supply voltage is only lost by 
the voltage drop in resistance R1 and R2 even if it is about 40dB which made the upper limit into 256 times 
here and the S/N ratio of a laser diode increases it more than this with an electric-eye output by various 
noise sources. 

[0036] The current switch 76 consists of two PMOS transistors P3 and P4 and inverters 66 and 68 by 
which the source is connected to the drain of the PMOS transistor P2 which common connection is made 
and constitutes a current source 80. 

[0037] Moreover, the current switch 78 consists of two PMOS transistors P6 and P7 and inverters 70 and 
72 by which the source is connected to the drain of the PMOS transistor P5 which common connection is 
made and constitutes a current source 82. The current switch 76 and the current switch 78 are differential 
mold current switches which the gate of the PMOS transistors P3 and P4 or the PMOS transistor P6, and 
P7** drives by the complementary signal, respectively. 

[0038] The drain of the PMOS transistors P3 and P6 of the current switches 76 and 78 is connected to 
the anode of laser diode LD-A, and the drain of the PMOS transistors P4 and P7 of the current switches 
76 and 78 is connected to the end of a dummy load 74, respectively. The other end of a dummy load 74 is 
grounded. 

[0039] Through the inverter 66, through inverters 66 and 68, it is constituted by the gate of the PMOS 
transistor P3 of the current switch 76 at the gate of the PMOS transistor P4, respectively so that control 

signal P0-A may be inputted. Moreover, through the inverter 70, through inverters -7&and-72,-it-is 

constituted by the gate of the PMOS transistor P6 of the current switch 78 at the gate of the PMOS 
transistor P7, respectively so that control signal P1-A may be inputted. Switching control of the current 
switches 76 and 78 is carried out by control signal P0-A and P1-A, and they carry out intensity modulation 
of laser diode LD-A. It prevents that the control voltage which controls the drive current of laser diode 
LD-A which capacitor Ci-A holds in case a switch turns off by driving complementary with inverters 68 
and 72 shifts transitionally the gate of each PMOS transistors P3, P4, P6, and P7 which constitute the 
current switches 76 and 78 by the feed through of a switch control signal. 

[0040] It is possible it to increase intensity modulation level by increasing a current source with weight 
further with the gestalt of this operation, including level zero, although modulation level is the intensity 
modulation of 4 level. Moreover, since a drive circuit is produced by the CMOS process in the laser diode 
driving gear concerning the gestalt of this operation It is easy to make current sources 80 and 82 and the 
discharge mold current source which constituted the current switches 76 and 78 using a PMOS transistor. 
It compares with the conventional discharge mold current source which the cathode was connected in 
common like especially a laser diode array, and combined the absorption mold current source and the 
discharge mold current source when a discharge mold current source was required. At a low noise and a 
high speed And the drive circuit, as a result laser diode driving gear of low cost can be obtained. 
[0041] Furthermore, the source 84 of a bias current which consists of the source 76 of good 
transformation, a PMOS transistor P8, and resistance R3 is connected to the anode of laser diode LD-A, 
and it is constituted so that a threshold current Ith may always be supplied to laser diode LD-A by the 
source 84 of a bias current. 

[0042] Moreover, the source 86 of a bias current which consists of the source 76 of good transformation, a 
PMOS transistor P9, and resistance R4 is connected to the end of a dummy load 74, and it is constituted 
so that a bias current may always be supplied also to a dummy load 74 by the source 86 of a bias current. 
The source 86 of a bias current is to change the terminal voltage of a dummy load 74 similarly, and for 
fluctuation of potential Vdr0-A in the output node of current sources 80 and 82 and Vdr1-A make it min in 
all intensity modulation fields, when intensity modulation is carried out and the terminal voltage of laser 
diode LD-A changes. Therefore, omitting with the precision prescribe of intensity modulation is also 
possible. 
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[0043] When a dummy load 74 turns on the current switches 76 and 78 and turns off, the volt ampere 
characteristic of a direct current and the impedance in the operating point are constituted using diode, 
resistance, a capacitor, and an inductance as laser diode LD-A, abbreviation, and a load that becomes 
equal so that fluctuation may become [ potential VdrO-A in the output node of current sources 80 and 82, 
and Vdr1-A ] small also transitionally also in direct current. Therefore, when the current switches 76 and 
78 are switched on and turned off, fluctuation of potential VdrO-A in the output node of current sources 80 
and 82 and Vdr1-A is controlled. 

[0044] PD is a photodiode which functions as a photodetection means to detect the amount of 
luminescence of laser diode LD-A, for example, it is mounted in a package with two or more laser diodes, 
and the PIN photodiode which receives the light from the tooth back of a laser diode is used. Photodiode 
PD is grounded through the resistance R7 as a current potential conversion means whose anode changes 
into an electrical potential difference the photocurrent outputted by Photodiode PD, and the cathode is 
connected to the power source Vcc. 

[0045] 60 is a comparator corresponding to the comparison means of this invention which compares the 
electrical potential difference according to the luminescence quantity of light of laser diode LD-A in which 
current potential conversion was carried out by resistance R7 with the reference voltage Vr1 set up by the 
reference supply 100 which generates the reference voltage which is the desired value of the luminescence 
quantity of light of laser diode LD-A, and outputs the electrical potential difference according to the 
deflection. This comparator is constituted by the operational amplifier. Reference voltage Vr1 is set up by 
the reference supply 100, measuring the luminescence quantity of light of laser diode LD-A with an 
actinometer at the time of the automatic light control of laser diode LD-A. However, it becomes the value 
which the offset voltage of the quantity of light control system which contains a comparator 60 in the 
electrical potential difference which produces the reference voltage actually set up since an electrical 
potential difference is changed by the leakage lump from the gate signal of the NMOS transistors N1 and 
N2 in case the comparator consists of operational amplifiers strictly, a comparator input has offset and it 
turns off with a switch 62 further to the both ends of resistance R6 with the photocurrent output of 
Photodiode PD joined. Although it is better for especially the input offset voltage of a comparator to 
prepare reference voltage separately in order to raise the precision of the light control of a laser diode, 
since it varies for every comparator, it is complicated. So, offset uses not being influenced greatly for the 
drive conditions of a laser diode, and to one reference voltage Vr1 , it consists of gestalten of this operation 
so that the difference of the input offset voltage of a comparator 60,160 may be added and the reference 
voltage Vr2 supplied to the comparator 160 of another drive circuit B may be impressed. Namely, as for 
reference voltage Vr2, only the difference of the input offset voltage of a comparator 60,160 is set up. 
Both laser diode LD-A and the luminescence quantity of light of LD-B can be set up with a sufficient 
precision in a high precision only by adjusting the reference voltage (the gestalt of this operation reference 
voltage Vrl of a comparator 60) which is one side by this. Although the number of laser diode drive drive 
circuits (laser diode driving gear) is two with the gestalt of this operation, it is the same when this carries 
out light control of the n laser diodes by time sharing by n laser diode drive circuits, that is So that the 
photodiode PD which is a single photodetection means to detect the luminescence quantity of light of a 
laser diode may be shared with other laser diode driving gears With two or more laser diode driving gears I, 
— , n (n>=2) which have a comparator as an error detection means to measure the reference voltage for 
the light control of the constituted laser diode, and the detection output of said photodetection means 
[ two or more laser diodes 1, — , when carrying out light control of the n (n>=2) by time sharing ] The 
reference voltage 1 for the light control of a laser diode 1 is given to the comparison means (comparator) 
of the laser diode driving gear 1. What is necessary is just to give the value which added the difference of 
the input offset voltage of the comparison means of the laser diode driving gear 1, and the input offset 
voltage of the comparison means of the laser diode driving gear n to reference voltage 1 as reference 
voltage n to the laser diode driving gear n. 

[0046] The outgoing end of a comparator 60 minds the switch 88 corresponding to the 2nd switching 
means of this invention, and is the input edge and Capacitor Csha of the buffer amplifier 64. It connects 
with the end and is Capacitor Csha. The other end is grounded. 

[0047] A switch 88, the buffer amplifier 64, and capacitor Csha A maintenance means 90 to hold the 
control voltage for controlling the drive current of laser diode LD-A which is the output voltage of the 
comparator 60 at the time of automatic light control termination is constituted. The maintenance means 90 
is equivalent to the maintenance means of this invention. 

[0048] The switch 88 has the NMOS transistor N1, the NMOS transistor N2 for noise cancellation which * 
between source drains connected too hastily and was connected between the NMOS transistor N1 and the 
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input edge of the buffer amplifier 64, and the inverter 62. The source of the NMOS transistor N1 is 
connected to the outgoing end of a comparator 60, and the drain is connected to the source of the NMOS 
transistor N2. The drain of the NMOS transistor N2 is connected to the input edge of the buffer amplifier 
64. The NMOS transistor N1 and channel length are equal, and gate width is designed by the NMOS 
transistor N2 so that it may become half. 

[0049] Moreover, control signal APC-A which controls switching of a switch 88, respectively is directly 
inputted into the gate of the NMOS transistor N2 through an inverter 62 at the gate of the NMOS 
transistor N1. In addition, as for the control signal to the gate of the NMOS transistors N1 and N2, it is 
desirable to consider as the complementary signal which started within limits which do not influence 
actuation and made falling late in order to control a switching noise as much as possible. 
[0050] Moreover, since the switch 88 consists of only NMOS transistors except for the inverter 62 
including the object for switching noise cancellation, a switch 88 becomes being an OFF state with as by 
failure etc., and it is Capacitor Csha. Even if the maintenance condition of the output of a comparator 60 
continues for a long time, the maintenance electrical potential difference is changed to a touch-down 
potential side, and the current which flows to the NMOS transistor N3 connected to the outgoing end of 
the buffer amplifier 64 falls. Therefore, destruction of laser diode LD-A and the damage to an irradiated 
plane can be prevented. 

[0051] Since the switch 88 consists of only NMOS transistors as notes, the size of the transistor for 
current outputs must be designed so that the electrical potential difference of the both ends of a switch 
may not turn into 1/2 or more supply voltage. Moreover, a PMOS transistor with PN-junction area which 
does not become more than the threshold voltage of the NMOS transistor N3 by which the convergence 
electrical potential difference at the time of the sample hold of the output voltage of a comparator 60 was 
connected to the buffer amplifier 64 may be connected to reduce DORUPU. In this case, what is necessary 
is just to also drive a PMOS transistor as a switch, if you want to lower ON resistance, and if that need 
does not exist, only the PMOS transistor which short-circuited the source drain which only has a PN 
junction is also connectable. 

[0052] Anyway, in constituting a switch 88 from two MOS transistors, a switch 88 has a ratio with the PN- 
junction area of the source drain of the MOS transistor connected to the PN-junction area and the earth 
side of a source drain of the MOS transistor connected to a power-source side in an OFF state, and while 
laser diode LD-A is emitting light, it is set up so that it may change in the direction in which the amount of 
luminescence of laser diode LD-A decreases. 

[0053] As for an input stage at least, constituting from an MOS transistor is [ the buffer amplifier 64 ] 
desirable so that long duration and sample hold may be possible. With the gestalt of this operation, the 
operational amplifier with which the buffer amplifier 64 consisted of for example, CMOS transistors is used. 

[0054] thus, as a maintenance means 90 to hold the output voltage of the comparator 60 for controlling the 
drive current of laser diode LD-A during a modulation period The maintenance means 90 which used the 
switch 88 constituted using the MOS transistor and the buffer amplifier 64 with which the input stage 
consisted of MOS transistors at least is used, capacitor Csha which originates in the leakage current from 
the PN junction of the source drain of the switch which consisted of MOS transistors of the maintenance 
means 90 in the maintenance period of the output voltage of the comparator 60 in a modulation period If 
the direction in which it is held and fluctuation of an electrical potential difference reduces the output 
current of current sources 80 and 82, i.e., laser diode LD-A, is emitting light the time of an automatic 
quantity of light control signal not entering by designing so that it may change in the direction in which the 
luminescence quantity of light decreases — destruction of laser — or optical fatigue of the photo 
conductor of the laser xerography produced because laser carries out a long duration exposure — Or if it 
is optical recording, degradation of an optical medium can be prevented. 

[0055] Furthermore, it is the above-mentioned capacitor Csha. If it makes and puts in IC capacitor Csha 
Can avoid the leak on the printed circuit board which mounts leak of the leakage and external capacitor of 
the joint of the output terminal section, and an external capacitor compared with the case where it 
connects outside etc., and the DORUPU property of a maintenance means (sample hold circuit) to what 
used conventional BAIPORA It can prevent that image quality deteriorates in the quantity of light gap by 
that spacing of the automatic light control of a laser diode spreads when it compares, it has improved by 
leaps and bounds and a laser diode array is driven, or the timing of automatic light control differing with the 
adjoining laser diodes. 

[0056] The outgoing end of the buffer amplifier 64 is connected to the gate of the NMOS transistor N3, 
and the drain of the NMOS transistor N3 is grounded through resistance R6. The source of the NMOS 
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transistor N3 is connected to the drain of the PMOS transistor P1 which between gate drains short- 
circuited, and the source of the PMOS transistor P1 is connected to the power source Vcc through 
resistance R5. The PMOS transistor P1 constitutes current Miller circuit. Resistance R6 is formed in order 
that the voltage variation in the gate of the PMOS transistors P2 and P5 which constitute the current 
sources 80 and 82 by current leak of the sample hold capacitor Csh may ease the effect which it has on 
the drive current of laser LD-A. If resistance R6 is not formed, fluctuation of the gate potential of the 
PMOS transistors P2 and P5 will influence a drain current, i.e., the output current of current sources 80 
and 82, in a square. 

[0057] Capacitor Ci-A is connected to the gate of the PMOS transistors P2 and P5 which constitute 
current sources 80 and 82, and the current switches 76 and 78 are switched by control signal P0-A and 
P1-A, and also when intensity modulation of laser diode LD-A is carried out, it is made for the current 
value of current sources 80 and 82 to have not changed transitionally. In this case, when forming capacitor 
Ci-A in IC chip, since a mass thing is not obtained, the capacity of this capacitor Ci-A determines capacity 
for less than 256 times as a standard from 16 times of the sum total capacity between the gate drains of 
the PMOS transistors P2 and P5 which constitute current sources 80 and 82. For example, if it sets up 16 
times, even if both current sources turn on and turn off in coincidence, the output of the buffer amplifier 
64 which enables it to press down fluctuation of the gate voltage of the PMOS transistors P2 and P5 which 
constitute current sources 80 and 82 to 1/16 will drive the NMOS transistor N3, and will carry out the 
constant current drive of the current sources 80 and 82 with the PMOS transistor P1 which constitutes 
current Miller circuit. In case the operational amplifier which constitutes the buffer amplifier 64 is designed, 
when it constitutes [ therefore ] an operational amplifier for the dynamic range of an input from an MOS 
transistor on the basis of touch-down potential in many cases, the difference input stage serves as a 
PMOS transistor, and it is because the dynamic range of an operational amplifier is not securable to supply 
voltage as a result to have reversed the current in current Miller circuit. In the case of a laser xerography, 
change of the injection luminous intensity of a laser diode serves as concentration of an image, and 
appears. However, in the edge section of the image from which reinforcement changes a lot, fluctuation of 
absolute concentration does not pose a big problem on vision. However, it is satisfactory if it determines 
that the output impedance of current Miller circuit will return to initial value with time amount extent 
whose gate voltage of the PMOS transistors P2 and P5 which constitute current sources 80 and 82 from a 
gestalt of this operation in actuation of current Miller circuit is 1 pixel of a picture signal, since a vision top 
will also pose a problem if concentration changes in a large area. Namely, the gate of the PMOS transistors 
P2 and P5 which constitute current sources 80 and 82 By driving with the buffer amplifier 64 which has an 
output impedance from which the time constant expressed as a product with the total capacity of the 
capacity between gate drains of the PMOS transistors P2 and P5 and addition capacity serves as an about 
1 -pixel modulation period in an intensity modulation period Fluctuation of the gate potential of the PMOS 
transistors P2 and P5 of the above-mentioned current source which cannot be controlled by capacitor Ci- 
A is stopped within the 1 -pixel period of the intensity modulation of laser diode LD-A. Image quality 
degradation by the precision fall of the intensity modulation at the time of being applied to a laser 
xerography can be pressed down to the minimum. A dummy load 74 can make a precision fall the minimum, 
even if laser diode LD-A and a property are shifted somewhat. 

[0058] It has contributed to the resistance R5, R1, and R2 connected between the sources of the PMOS 
transistors P2 and P5 and the power sources Vcc which constitute the PMOS transistor P1 and current 
sources 80 and 82 which constitute current Miller circuit making high the output impedance of current 
sources 80 and 82. Since collector current will increase exponentially to base potential if a bipolar 
transistor is driven by grounded emitter and the base is driven on an electrical potential difference, control 
usually put resistance into the emitter difficultly, and has improved the controllability. 
[0059] However, at an MOS transistor, especially since a drain current changes by the square to gate 
potential, there is no need of putting resistance into the source. If the channel length of an MOS transistor 
is shortened in order to enlarge the mutual conductance gm of an MOS transistor, the output impedance of 
the constant current source constituted from an MOS transistor will decline. Although there are 
approaches, such as carrying out an MOS transistor for compensating this multistage, if supply voltage is 
low, the dynamic range of an output is not securable. Then, the resistance R5, R1, and R2 to which the 
output impedance of current sources 80 and 82 becomes large [ 256 times ] from 16 times of the dynamic 
resistance at the time of modulation actuation of laser diode LD-A as mentioned already is connected 
between the sources of the PMOS transistors P1, P2, and P5 and the power sources Vcc which constitute 
a constant current source circuit. It becomes possible to secure both dynamic ranges of the output voltage 
for laser diode LD-A connected with the precision in the intensity modulation of 16 to 256 level by this 
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with sufficient balance. 

[0060] In addition, the control means which inputs control signal PO-A, P1-A, APC-A, etc. (related with the 
drive circuit A) and which is not illustrated is equivalent to the control means of this invention. 
[0061] Next, actuation of the laser diode driving gear concerning the gestalt of this operation which 
consists of the above-mentioned configuration is explained with reference to the timing diagram of drawing 
2 . The threshold current of laser tie ODO LD-A is first set as bias power supply 84 and 86 beforehand. 
The same is said of the bias power supply of the drive circuit B. The drive circuit A performs automatic 
light control of laser diode LD-A first. If control signal APC-A becomes high-level at time of day t1 first, a 
switch 88 will be in an ON state, the maintenance means 90 becomes sampling mode, and the output 
voltage of a comparator 60 is Capacitor Csha. It will be in the condition which can be charged. 
[0062] Moreover, when control signal P0-A and P1-A become high-level at time of day t1 f an ON state and 
the PMOS transistors P4 and P7 will be [ the PMOS transistors P3 and P6 which constitute the current 
switches 76 and 78 ] in an OFF state, consequently current ILD-A is supplied to laser diode LD-A from 
current sources 80 and 82, and laser diode LD-A emits light. The injection light of this laser diode LD-A is 
received by Photodiode PD, and Photodiode PD outputs the photocurrent according to the luminescence 
quantity of light of laser diode LD-A. This photocurrent is changed into an electrical potential difference by 
resistance R7, and is inputted into the inversed input terminal of a comparator 60 as a monitor electrical 
potential difference VPD for supervising the amount of luminescence of laser diode LD-A. The reference 
voltage Vr1 for setting up the desired value of the amount of luminescence in the automatic light control of 
laser diode LD-A is inputted into the non-inversed input terminal of a comparator 60 from a reference 
supply 100. 

[0063] A comparator 60 compares reference voltage Vr1 with the monitor electrical potential difference 
VPD, and outputs the electrical potential difference according to the deflection to the buffer amplifier 64 
through a switch 88. Consequently, capacitor Csha It charges with the output voltage of a comparator 60. 
Capacitor Csha A charge electrical potential difference is outputted to the gate of the NMOS transistor N3 
from the buffer amplifier 64, the NMOS transistor N3 and the PMOS transistor P1 which constitutes 
current Miller circuit drive, and the constant current drive of the PMOS transistors P2 and P5 which 
constitute current sources 80 and 82 with the PMOS transistor P1 is carried out. 

[0064] The NMOS transistor N1 which constitutes a switch 88 will be in an OFF state, and the monitor 
electrical potential difference VPD is Capacitor Csha, if it goes up until it is in agreement with the 
reference voltage Vr1 set up by the reference supply 100, and control signal APC-A is set to a low level at 
time of day t2 after that. The output voltage of the comparator 60 at the time of automatic light control 
termination is held. 

[0065] The PMOS transistors P3 and P6 which constitute the current switches 76 and 78 when control 
signal P0-A and PI -A are set to a low level at time of day t2 Moreover, an OFF state, The PMOS 
transistors P4 and P7 will be in an ON state, consequently current ILD-A supplied to laser diode LD-A 
from current sources 80 and 82 until now is supplied to a dummy load 74. Laser diode LD-A puts out the 
light, and since the light-receiving quantity of light of Photodiode PD also serves as zero, the monitor 
electrical potential difference VPD also becomes zero. 

[0066] Next, if control signal P0-A becomes high-level at time of day t3, since the PMOS transistor P3 
which constitutes the current switch 76 will be turned on, the output current (1x1) of a current source 80 is 
supplied to laser diode LD-A, and intensity modulation of level 1 is performed. At this time, since an OFF 
state and the PMOS transistor P7 of the current switch 78 are turned on by the PMOS transistor P4 of 
the current switch 76, and the PMOS transistor P6 of the current switch 78, the current of 2x1 is supplied 
to a dummy load 74 from a current source 82. 

[0067] Moreover, if control signal P0-A is set to a low level at time of day t4 and control signal PI -A 
becomes high-level, since an ON state and the PMOS transistor P7 will be turned [ the PMOS transistor 
P3 of the current switch 76 / an OFF state and the PMOS transistor P4 ] off by an ON state and the 
PMOS transistor P6 of the current switch 78, the output current (2x1) of a current source 82 is supplied to 
laser diode LD-A, and intensity modulation of level 2 is performed. At this time, the current of (1x1) is 
supplied to a dummy load 74 from a current source 80. 

[0068] Furthermore, if control signal P0-A becomes high-level from the condition of a low level at time of 
day t5, and it is maintained while control signal P1-A has been in a high-level condition Since an ON state 
and the PMOS transistor P7 are turned [ an ON state and the PMOS transistor P4 ] off by an OFF state 
and the PMOS transistor P6 of the current switch 78, the PMOS transistor P3 of the current switch 76 
The output current (1x1) of a current source 80 and the output current (2x1) of a current source 82 are 
supplied to laser diode LD-A, and intensity modulation of level 3 is performed. At this time, only a 
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predetermined bias current is supplied to a dummy load 74 from the PMOS transistor P9 of bias power 
supply 86. If both control signal PO-A and P1-A are set to a low level from high level at time of day t6 
Since an OFF state and the PMOS transistor P7 are turned [ an OFF state and the PMOS transistor P4 ] 
on by an ON state and the PMOS transistor P6 of the current switch 78, the PMOS transistor P3 of the 
current switch 76 All of the output current of current sources 80 and 82 flow to a dummy load 74, a 
threshold current Ith is only supplied to laser diode LD-A from bias power supply 84, and the intensity 
modulation of the same level 0 as the period of time of day t2-t3 is made. The monitor electrical potential 
difference VPD inputted into the inversed input terminal of a comparator 60 from resistance R7 according 
to change of current ILD-A which flows to laser diode LD-A also changes. 

[0069] Henceforth [ time of day t7 ], although intensity modulation actuation after the automatic light 
control of laser diode LD-B and automatic light control is performed by the drive circuit B, since the 
automatic light control and intensity modulation actuation which were performed by the drive circuit A at 
time of day t1-t6 about laser diode LD-A, and the contents are the same, explanation is omitted. 
[0070] As stated above, according to the gestalt of operation of this invention, it becomes possible to also 
secure the dynamic range of output voltage, securing the precision at the time of intensity modulation by 
connecting the suitable resistance computed from the dynamic resistance at the time of actuation of a 
laser diode between the sources of a PMOS transistor and the power sources which constitute each of 
two or more current sources. 

[0071] Moreover, the maintenance property of control voltage can be improved, without using an external 
capacitor by the high impedance nature of an MOS transistor, while being able to obtain a low noise, a high 
speed, and the drive circuit of low cost compared with the conventional discharge current source which it 
was also easy to make a discharge current source using a PMOS transistor, and the cathode was 
connected in common like especially a laser diode array, and combined the absorption current source and 
the discharge current source when a discharge current source was required, since a drive circuit and the 
holding circuit of control voltage are produced with a CMOS transistor. 

[0072] Furthermore, fluctuation of the gate potential of the PMOS transistor which constitutes the current 
source produced in case a current source turns on and turns off at the time of intensity modulation can be 
controlled by connecting the capacitor which has a sufficiently larger capacity than the total capacity 
between the gate drains of the PMOS transistor which constitutes a current source between the gates of 
a PMOS transistor and the power sources which constitute a current source. 

[0073] Moreover, the volt ampere characteristic of the laser diode linked to a current switch's laser 
connection and reverse side and a direct current and the impedance in the operating point omit. 
Fluctuation of the drain potential of the PMOS transistor which constitutes a current source by connecting 
an equal dummy load can be made small. And the gate of the PMOS transistor which constitutes each of 
two or more current sources By driving with the buffer which has an output impedance from which the 
time constant expressed with a product with the total capacity of the capacity between gate drains of 
these PMOS transistors and addition capacity serves as an about 1 -pixel modulation period of a laser 
modulation period Image quality degradation by the precision fall of the intensity modulation at the time of 
stopping fluctuation of the gate potential of the PMOS transistor which constitutes the current source 
which it cannot finish pressing down by the capacitor for fluctuation prevention of the above-mentioned 
gate potential within the 1 -pixel modulation period of a laser modulation, and being applied to a laser 
xerography It can press down to the minimum. 

[0074] Furthermore, the reference potential according to individual for every laser diode required of a laser 
diode array One reference potential is made into the reference potential of the comparator of one drive 
circuit. The reference potential of the comparator of other drive circuits offset of the quantity of light 
control system containing the comparator to which one reference potential given previously, respectively 
was connected, and offset with each quantity of light control system containing the comparator of each 
other drive circuits, since difference is added to a previous reference potential and given If the difference 
of offset is set as the beginning, the output quantity of light of all the laser diodes of a laser diode array is 
correctly controllable by adjusting only the one above-mentioned reference potential after that. 
[0075] 

[Effect of the Invention] Each of two or more current sources which supply the drive current for driving a 
laser diode according to invention according to claim 1 as explained above Resistance is connected and 
constituted, respectively between the source of an MOS transistor and this MOS transistor, touch-down, 
or a power source. In the MOS transistor which constitutes each of two or more of said current sources, 
and said resistance, the ratio of transistor ratio W/L and the inverse number of the resistance of said 
resistance is the same. And since it was made the value to which the output resistance value of two or 
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more of said current sources seen from the laser diode side can drive a laser diode, and becomes 
sufficiently larger than the differential resistance of said laser diode at the time of modulation actuation In 
case intensity modulation of the drive current of a laser diode is carried out, while being able to control 
output fluctuation of the drive current by fluctuation of the electrical potential difference between 
terminals of a laser diode and being able to aim at improvement in the intensity modulation precision of a 
laser diode Since the voltage drop by said resistance is made to min, it becomes possible to correspond 
also to a laser diode with the large electrical potential difference between terminals of a laser diode. 
[0076] Moreover, in case intensity modulation of the drive current which drives a laser diode using the 
differential mold current switch which consists of two MOS transistors in two or more current sources, 
respectively is carried out according to invention according to claim 2 Enough from the total capacity 
between the drain gates of the MOS transistor which constitutes said current source even if it drives each 
above-mentioned differential mold current switch The capacitor which has a large capacity is connected 
between the gates of an MOS transistor, the touch-down, or the power sources which constitute each of 
two or more current sources, and the volt ampere characteristic of the laser diode and direct current to 
the drain of one MOS transistor of two MOS transistors which constitute each of two current change- 
over-switch means and the impedance in the operating point — abbreviation — by connecting an 
equivalent load Since the voltage variation of the gate of the MOS transistor which constitutes each of two 
or more current sources can be controlled, improvement in the precision of intensity modulation can be 
aimed at. 

[0077] Furthermore, since according to invention according to claim 3 the maintenance electrical potential 
difference of a maintenance means changes in the direction in which the amount of luminescence of a laser 
diode decreases within a modulation period even if the condition that luminous laser should be held by halt 
of a control system etc., and the output of a comparison means should be held by the maintenance means 
continues at the outside of a modulation period, a laser diode can -ed ** according to an overcurrent, or it 
can prevent that the irradiated plane of a laser diode receives damage. 

[0078] It gives a comparison means of a laser diode driving gear to drive one laser diode, moreover — 
according to invention according to claim 4 — one reference voltage for the light control of any one laser 
diode in two or more laser diodes — this — To each comparison means of a laser diode driving gear to 
drive other remaining laser diodes, respectively The value which added the difference of the input offset 
voltage of a comparison means by which this reference voltage is given to said one reference voltage, and 
the input offset voltage of each comparison means of a laser diode driving gear to drive said each of other 
remaining laser diode is given as reference voltage. The rest can perform quantity of light adjustment of all 
laser diodes with high precision by adjusting only the one above-mentioned reference voltage. 



[Translation done.] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



06/02/07 



JP.11-066595.A [TECHNICAL FIELD] 
* NOTICES * 



1/1 ^-v 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to the drive approach of a suitable laser diode driving gear to 
use it for the image formation equipment which forms an image in a photo conductor, and a laser diode, 
changing the luminescence quantity of light of a laser diode using a laser diode array. 
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PRIOR ART 

[Description of the Prior Art] An image output is accelerated, and the semiconductor laser component of 
wavelength which is different also in optical communication by forming the optical output of semiconductor 
laser components, such as a laser diode, into a multi-beam in a recent-years, for example, laser, 
xerography is made on the same chip, and the attempt which raises an optical-communication rate by 
multiplexing of wavelength is made. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] Each of two or more current sources which supply the drive current for driving a 
laser diode according to invention according to claim 1 as explained above Resistance is connected and 
constituted, respectively between the source of an MOS transistor and this MOS transistor, touch-down, 
or a power source. In the MOS transistor which constitutes each of two or more of said current sources, 
and said resistance, the ratio of transistor ratio W/L and the inverse number of the resistance of said 
resistance is the same. And since it was made the value to which the output resistance value of two or 
more of said current sources seen from the laser diode side can drive a laser diode, and becomes 
sufficiently larger than the differential resistance of said laser diode at the time of modulation actuation In 
case intensity modulation of the drive current of a laser diode is carried out, while being able to control 
output fluctuation of the drive current by fluctuation of the electrical potential difference between 
terminals of a laser diode and being able to aim at improvement in the intensity modulation precision of a 
laser diode Since the voltage drop by said resistance is made to min, it becomes possible to correspond 
also to a laser diode with the large electrical potential difference between terminals of a laser diode. 
[0076] Moreover, in case intensity modulation of the drive current which drives a laser diode using the 
differential mold current switch which consists of two MOS transistors in two or more current sources, 
respectively is carried out according to invention according to claim 2 Enough from the total capacity 
between the drain gates of the MOS transistor which constitutes said current source even if it drives each 
above-mentioned differential mold current switch The capacitor which has a large capacity is connected 
between the gates of an MOS transistor, the touch-down, or the power sources which constitute each of 
two or more current sources, and the volt ampere characteristic of the laser diode and direct current to 
the drain of one MOS transistor of two MOS transistors which constitute each of two current change- 
over-switch means and the impedance in the operating point — abbreviation — by connecting an 
equivalent load Since the voltage variation of the gate of the MOS transistor which constitutes each of two 
or more current sources can be controlled, improvement in the precision of intensity modulation can be 
aimed at. 

[0077] Furthermore, since according to invention according to claim 3 the maintenance electrical potential 
difference of a maintenance means changes in the direction in which the amount of luminescence of a laser 
diode decreases within a modulation period even if the condition that luminous laser should be held by halt 
of a control system etc., and the output of a comparison means should be held by the maintenance means 
continues at the outside of a modulation period, a laser diode can -ed ** according to an overcurrent, or it 
can prevent that the irradiated plane of a laser diode receives damage. 

[0078] It gives a comparison means of a laser diode driving gear to drive one laser diode, moreover — 
according to invention according to claim 4 — one reference voltage for the light control of any one laser 
diode in two or more laser diodes — this — To each comparison means of a laser diode driving gear to 
drive other remaining laser diodes, respectively The value which added the difference of the input offset 
voltage of a comparison means by which this reference voltage is given to said one reference voltage, and 
the input offset voltage of each comparison means of a laser diode driving gear to drive said each of other 
remaining laser diode is given as reference voltage. The rest can perform quantity of light adjustment of all 
laser diodes with high precision by adjusting only the one above-mentioned reference voltage. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] By the way, generally as for the laser diode array in which two 
or more laser diodes currently used for such an application were formed on the same substrate, the 
cathode is connected in common. This is based on that the equivalent series resistance of a laser diode is 
lowered for those who used the N type substrate, and a high speed drive can be performed, and the reason 
for being advantageous also in respect of the yield. 

[0004] The current source of a discharge mold is required to drive the laser diode array to which such a 
cathode was connected in common on the other hand. Conventionally, MESFET of a bipolar transistor or a 
compound semiconductor has been used for the current source which drives a laser diode. Although a PNP 
transistor is needed for constituting from a bipolar transistor when it is going to make a discharge mold 
current source from these processes, a high-speed drive cannot be performed in the lateral mold PNP 
transistor usually used. 

[0005] On the other hand, the vertical mold PNP transistor in which a high-speed drive is possible has a 
complicated manufacture process, and it is expensive. Moreover, even if the mobility of a hole is small in 
the case of a compound semiconductor and the P channel mold FET is made, there will be no merit using a 
compound semiconductor, therefore, to carry out the high-speed drive of the laser diode by the current 
source of a discharge mold For example, the current switch 12 in which the high-speed switching which 
consists of transistors Q1 and Q2, and the discharge mold current source 10 which consists of resistance 
R1 and R2, and which is not switched and transistors Q3 and Q4 as shown in drawing 3 R> 3 is possible is 
connected to a serial. It stops that make the outflow current from a current source 10 flow into a 
transistor Q6 side, and a laser diode LD HE current flows by turning on the transistor Q3 of the current 
switch 12. It is made for a current to flow from a current source 10 to a laser diode LD through diode D1 
by turning off the transistor Q3 of the current switch 12 (JP,4-240787,A t JP,6~139607,A). 
[0006] It can constitute from this method like so that the output capacitance of a discharge mold current 
source may not influence the modulation rate of the output of a laser diode by it not being necessary to 
switch a discharge mold current source with a slow working speed and, and connecting a discharge mold 
current source with a current switch through an inductance. 

[0007] However, as shown to drawing 4 in this method, what carried out parallel connection of the current 
sources Q17 and Q18 by which series connection was carried out to two or more current switches 22 and 
24 and these is connected to the discharge mold current sources 20 and 26 at a serial, and when intensity 
modulation of the output of a laser diode is carried out by driving alternatively two or more current 
switches 22 and 24 and the output of a laser diode is made low, the problem that a noise increases arises. 
[0008] Namely, the source 26 of a bias current where, as for the current source shown in drawing 4 , the 
threshold current of a laser diode LD was set up, It is based on the suction current I of the suction mold 
current source 22. The output current The discharge mold current source 20 of 3x1, The suction mold 
current source 22 of 1x1 and an absorption current use two suction mold current sources of the suction 
mold current source 24 of 2x1, and the suction current constitutes the current source in which the 
intensity modulation of 4 level of 0, 1x1, 2x1, and 3x1 is possible. In drawing 4 , the threshold current is 
supplied to the laser diode LD by the source 26 of a bias current. In case a semiconductor laser 
component drives a threshold current here, it says the current which flows for a semiconductor laser 
component in the point which shifts to a laser oscillation condition from a spontaneous-emission condition 
to it. The case where it would absorb by inputting the control signals 1 and 2 which control transistors Q12 
and Q1 4 to be in switch-on or non-switch-on, respectively, and the transistors Q12 and Q14 of the mold 
current sources 22 and 24 will be in non-switch-on is considered. In this case, since discharge current 3x1 
which flows out of the discharge mold current source 20 has the transistors Q12 and Q14 of two suction 
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current sources 22 and 24 in non-switch-on, it flows to a laser diode LD altogether. 
[0009] Next, if it absorbs with a control signal 2 and the transistor Q14 of the mold current source 24 is 
made into switch-on, since the absorption mold current source 24 will drive, to a laser diode LD, the 
current I which absorbed from discharge current 3x1 and deducted absorption current 2x1 by the mold 
current source 24 flows. By the way, considering the shot noise generated with a transistor at this time, it 
will absorb with control signals 1 and 2, and the transistors Q12 and Q14 of the mold current sources 22 
and 24 will be in non-switch-on, and when discharge current 3x1 which flows out of the discharge mold 
current source 20 flows altogether to a laser diode LD, a S/N ratio becomes 3 rootI/root3 time by root 
(3x1). 

[0010] However, absorb with a control signal 2 and the transistor Q14 of the mold current source 24 is 
made into switch-on. When only 1 xl of the discharge current 3x1 flows to a laser diode LD, The discharge 
mold current source 20 side a shot noise since there is no correlation in a noise at the suction mold 
current source 24 side — the square of root by the side of the discharge mold current source 20 (3x1) — 
** — it absorbs, and becomes square root root (5x1) of sum 51 with the square of root by the side of the 
mold current source 24 (2x1), and the S/N ratio at this time falls to rootI/root5 time. When this method * 
performs intensity modulation so that this may show, a S/N ratio falls; so that especially level is small, 
image quality [ in / in this / a laser xerography ] — or it becomes a problem by the laser beam 
communication link of a multiple value etc. There was a problem in the thing which was constituted from 
these reasons by the NPN transistor of a bipolar transistor, and N channel mold field-effect transistor of 
MESFET and which absorb and constitutes a discharge mold current source using a mold current source. 
[001 1] On the other hand, the laser driver by MOSFET is indicated by JP,7-335957 f A and JP,8-293837,A. 
If it is CMOS, it is possible to make both a PMOS transistor and an NMOS transistor, and moreover, the 
mutual conductance gm near [ in recent years ] a bipolar transistor has come to be obtained by gate 
length's ****-ization. 

[0012] The technical problem 1 and the inclination for which the drain current of an MOS transistor 
depends [ time ] on the electrical potential difference between the drain sources in a pinch-off field by 
gate length's ****-ization became large. If the current supplied to a laser diode changes when a constant 
current source is constituted and it operates it by the MOS transistor, the terminal voltage of a laser diode 
will change, as a result, the current value of a current source is changed, and this has a problem of the 
output current of a current source stopping being proportional to the input data in intensity modulation 
correctly. 

[0013] The configuration of the laser diode driving gear which has the discharge mold current source which 
used PMOS for technical-problem 2 drawing 5 , and in which intensity modulation is possible is shown. In 
this drawing, intensity modulation becomes possible by controlling the current switches 34 and 35 on which 
the threshold current Ith of a laser diode LD was set by the source 30 of a bias current, and the discharge 
mold current source 32 (discharge current 1x1) which carried out weighting, and the discharge mold current 
source 33 (discharge current 2x1) were connected to the discharge mold current sources 32 and 33 by 
control signals P0 and P1. The gate potential of the PMOS transistor which constitutes each discharge 
mold current sources 32 and 33 for intensity modulation The CMOS switch 38 which constitutes a sample 
hold circuit 37 before starting a modulation is turned ON by making a control signal CS high-level. It is 
determined by carrying out negative feedback of the output of the photodiode PD which received the 
output light of a laser diode LD to a comparator 36, and the CMOS switch 38 is turned OFF, the value is 
held to Capacitor Csh, and it considers as the control voltage Vsh at the time of a modulation. Since the 
gate input impedance is high, direct continuation especially of the MOSFET can be carried out to the 
terminal of the capacitor Csh by which the control voltage at the time of a modulation is held as shown in 
drawing 5 . 

[0014] However, conventionally, by binary Pulse Density Modulation, when having not become a problem 
performs intensity modulation, it becomes a problem. For example, drain electrical potential difference Vdr1 
of the PMOS transistor M1 which constitutes a current source 33 if a control signal P1 is made into a low 
level from high level in the example of drawing 5 It goes up from touch-down potential to the terminal 
voltage VLD of laser. This drain electrical potential difference Vdr1 Change raises control **** Vsh 
through the capacity between the drain gates of the transistor M1 which constitutes a current source 33. 
Consequently, the output current value of current sources 32 and 33 decreases. Thus, by opening and 
closing a current switch for intensity modulation, control voltage Vsh changed and there was a trouble of 
the output current stopping corresponding correctly to modulation data. 

[0015] while constituting the current source which supplies a drive current to technical-problem 3 laser 
diode from an MOS transistor, if the sample hold circuit which holds current source control voltage during 
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a modulation period is also constituted from an MOS transistor, current stability can be boiled markedly 
and it can improve. In the laser xerography which uses especially a laser diode array and performs high- 
speed writing, the merit is large. Since there is only one photodiode which receives the output light of a 
laser diode to two or more laser diodes, the light control before the modulation of a laser diode array has 
usually set up the quantity of light by time sharing. By time sharing, it divides roughly as an approach of 
carrying out light control, and there are two. One is the method which changes the laser diode which 
carries out light control for every line, and since the time amount to the next light control is long, DORUPU 
(voltage variation) of the current source control voltage currently held to the capacitor during the 
modulation period poses a problem, so that there are many laser diodes which should be carried out light 
control, although the time amount which the light control occupied in one line takes is not different from 
single laser. 

[0016] It is the approach one [ one more ] approach carries out light control of all the laser diodes into one 
line each time, and since light control of all the laser diodes is carried out for every line in this case and 
the capacitor for sample hold of a sample hold circuit is recharged, DORUPU of a sample hold circuit does 
not become a problem. 

[0017] However, the time amount of the light control occupied in one line must become so long that there 
are many laser diodes, must shorten the modulation period for writing in an image that much, and causes 
the fall of writing speed. Therefore, in order not to reduce the engine performance of a laser xerography, it 
is necessary to improve the DORUPU property of a sample hold circuit. 

[0018] By the conventional single laser, moreover, only in the case of Pulse Density Modulation, since it 
was always fixed, as for the problem of DORUPU, quantity of light fluctuation of the scanning direction of 
laser did not become a big problem on vision by the application to a laser xerography for every scan. 
However, when a laser diode was changed for every one scan and light control of a laser diode was 
performed using the laser diode array put in order in the scanning direction of laser, and the direction of 
vertical scanning of a right angle, the timing of light control differed with the laser diodes which a laser 
diode array adjoins, and since slight DORUPU affected image quality, DORUPU needed to be controlled 
further. An MOS transistor can make easily the sample hold circuit which was extraordinarily excellent in 
the DORUPU property compared with the bipolar transistor. 

[0019] By the way, a CMOS switch will be used, if it is usually a CMOS process as shown in a sample hold 
circuit at drawing 6 (a). This is for making it not dependent [ the on resistance of a switch ] on the terminal 
voltage of a switch. In drawing 6 , an NMOS switch, drawing 6 (c), and (e) show the sample hold circuit 
where drawing 6 (a) used the CMOS switch and, as for a switch with a CMOS noise canceller, drawing 6 
(d), and (f), drawing 6 R> 6 (b) used the switch with an NMOS noise canceller, respectively. In drawing 6 , 
100-105 are noise cancellers. 

[0020] Generally the transistor size of the PMOS transistor of a CMOS switch and an NMOS transistor is 
decided in two viewpoints. By the case where a switching noise (leakage lump of the charge produced 
through capacity coupling from the gate) is made into min, one designs the gate width of a PMOS 
transistor and an NMOS transistor equally. Since the feed through from the gate of a PMOS transistor and 
an NMOS transistor is reversed polarity when it carries out like this, the switching noise produced to a 
PMOS transistor and an NMOS transistor offsets each other, however, a switching noise is strictly offset 
by this method — the breadth of the inversion layer under the gate — a PMOS transistor and an NMOS 
transistor — it is — etc. — about [ of the becoming supply voltage to spread ] — it is only at one half of 
the times, and on other electrical potential differences, since the feed through by the inversion layer of 
CMOS switch both ends differs with a PMOS transistor and an NMOS transistor, each other is not offset. 
For this reason, in order to connect to the terminal by the side of Capacitor Csh the MOS transistor of the 
dummy which made gate width of an MOS transistor one half or to raise the effectiveness of noise 
cancellation further not to be based on supply voltage but reduce a switching noise, connecting the MOS 
transistor of the dummy which made gate width one half also between comparator outputs is also 
performed. 

[002t] Another viewpoint sets to W gate width of the gate of the PMOS transistor which constitutes a 
CMOS switch from a case where the supply voltage dependency of on resistance is made small, and an 
NMOS transistor, sets gate length to L, and designs the ratio (transistor ratio) of W/L by the inverse 
number ratio of the mobility of a hole and an electron. If it carries out like this, the value of the on 
resistance of a PMOS transistor when the potential of the both ends of a CMOS switch is in agreement 
with supply voltage, and the on resistance of an NMOS transistor when the potential of CMOS switch both 
ends is in agreement with touch-down potential will become equal. With a CMOS switch, since a low 
switching noise is required as usually low on resistance, the PMOS transistor and NMOS transistor which 
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constitute a CMOS switch are min, and equal channel length designs them. For this reason, even if it 
designs in which viewpoint, the width of face of a PMOS transistor and an NMOS transistor is equal, or the 
gate width of a PMOS transistor becomes large. Consequently, with a PMOS transistor and an NMOS 
transistor, omit, and supposing the PN-junction leak per unit area is equal Since N substrate is connected 
to the power source with the PMOS transistor when it is left, while the sample hold circuit has been a 
HOLD status, Since leakage current flows into the capacitor Csh for sample hold through the PN junction 
of this N substrate and P layers which are source drains and P substrate is grounded with the NMOS 
transistor, Leakage current flows out of the capacitor Csh for sample hold through the PN junction of this 
P substrate and N layer which is a source drain. Consequently, the output of a sample hold circuit is 
converged on the electrical potential difference of I/2 or more supply voltage, as the leak from the PN 
junction of the source drain of an NMOS transistor and a PMOS transistor shows to drawing 7 . When the 
NMOS transistor of a CMOS switch was driven on this electrical potential difference, there was a problem 
that an excessive current flowed to a laser diode and destroyed a laser diode. 

[0022] In the automatic light control of a technical-problem 4 laser-diode array, as already stated, light 
control is carried out by time sharing to two or more laser diodes using one photodiode. Therefore, the 
automatic light control of each laser diode should just compare with one reference voltage corresponding 
to the desired value of the amount of luminescence of a laser diode one photodiode output which detects 
the optical output of a laser diode by the comparator as an error detection means. However, since offset 
differed separately, two or more comparators used in fact for automatic light control needed to be doubled 
with each comparator, and whenever the reference voltage of each comparator changed reference voltage, 
they needed to adjust it for every laser diode. 

[0023] This invention is made in view of such a situation, and it sets it as the 1 st purpose to offer the laser 
diode driving gear which aimed at improvement in intensity modulation precision. 

[0024] Moreover, it sets it as the 2nd purpose to offer the laser diode driving gear which can prevent that 
the laser diode under luminescence damages this invention according to an overcurrent even if a 
maintenance means (sample hold circuit) to hold the control voltage which controls the drive current of a 
laser diode by malfunctions, such as a halt of a control system, continues the maintenance condition of 
control voltage. 

[0025] Furthermore, this invention sets it as the 3rd purpose to offer the drive approach of the laser diode 
which can control the quantity of light of two or more laser diodes of all only by adjusting one reference 
voltage for setting the luminescence quantity of light of a laser diode as desired value with high precision. 
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[Means for Solving the Problem] In order to attain the 1st purpose invention according to claim 1 After 
carrying out automatic light control of the laser diode so that the amount of luminescence of a laser diode 
may become a value corresponding to reference voltage based on the comparison result of a comparison 
means to measure the reference voltage for the light control of a laser diode, and the detection output of 
the amount of luminescence of a laser diode, In the laser diode driving gear which modulates a laser beam 
based on a picture signal While consisting of resistance with which it connected between a maintenance 
means to hold the output of the comparison means at the time of said automatic light control termination, 
and the source of an MOS transistor and this MOS transistor, with which common connection of the gate 
which undergoes the output of this maintenance means respectively was made, touch-down or a power 
source Two or more current sources which supply the drive current for driving a laser diode, Two or more 
1st switching means established between each of two or more of these current sources, and a laser diode, 
The control means which modulates the drive current supplied to said laser diode by operating alternatively 
said two or more 1st switching means based on said picture signal, In the MOS transistor which **** and 
'constitutes each of two or more of said current sources, and said resistance The ratio of transistor ratio 
W/L which is the ratio of gate width W of an MOS transistor and gate length L, and the inverse number of 
the resistance of said resistance is the same. And it is characterized by making it the value to which the 
output resistance value of two or more of said current sources seen from the laser diode side can drive a 
laser diode, and becomes sufficiently larger than the differential resistance of said laser diode at the time 
of modulation actuation. 

[0027] Each of two or more current sources which supply the drive current for driving a laser diode in the 
laser diode driving gear of the above-mentioned configuration Resistance is connected and constituted, 
respectively between the source of an MOS transistor and this MOS transistor, touch-down, or a power 
source. In the MOS transistor which constitutes each of two or more of said current sources, and said 
resistance, the ratio of transistor ratio W/L and the inverse number of the resistance of said resistance is 
the same. And since it was made the value to which the output resistance value of two or more of said 
current sources seen from the laser diode side can drive a laser diode, and becomes sufficiently larger than 
the differential resistance of said laser diode at the time of modulation actuation In case intensity 
modulation of the drive current of a laser diode is carried out, while being able to control output fluctuation 
of the drive current by fluctuation of the electrical potential difference between terminals of a laser diode 
and being able to aim at improvement in the intensity modulation precision of a laser diode It becomes 
possible to correspond also to a laser diode with the large electrical potential difference between terminals 
of a laser diode. What is necessary is just to adjust this resistance so that the output resistance value of a 
current source may become 16 or more times of this at least when performing intensity modulation (the 
gradation for several ohms - 10 ohms of numbers (for example, 16 gradation) of the dynamic resistance of 
the laser diode near a threshold current) in the case of several 10mW infrared laser actually marketed. 
[0028] Moreover, invention according to claim 2 is set to a laser diode driving gear according to claim 1. 
Between the gates of an MOS transistor, the touch-down, or the power sources which constitute each of 
two or more of said current sources The 2nd switching means by which the capacitor which has a capacity 
smaller than 256 times with the total larger capacity of the capacity between the drain gates of each of 
said MOS transistor than 16 times is connected, and said maintenance means is connected to the outgoing 
end of said comparison means in an end, It has the output resistance from which the time constant 
expressed with a product with the total capacity of the capacity between the drain gates of each of said 
MOS transistor and the capacity of said capacitor serves as a period which is 1 pixel of a picture signal 
about. The buffer amplifier with which the input edge was connected to the other end of said 2nd switching 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



06/02/07 



JR,11-066595,A [MEANS] 



2/3 ^— v 



means, and the input stage consisted of MOS transistors, It constitutes from a capacitor holding the 
output of said comparison means by which an end is connected to the input edge of this buffer amplifier, 
and the other end is grounded. It is the differential mold current switch which consists of two MOS 
transistors to which common connection of the source is made, it is connected to each output side of two 
or more of said current sources, and the gate drives each of two or more of said 1st switching means by 
the complementary signal. One drain of two MOS transistors is connected to said laser diode, this — It is 
characterized by for the volt ampere characteristic of a direct current and the impedance of said 
abbreviation [ laser diode, abbreviation, etc. ] in the operating point having been in the drain of another side 
by carrying out, and connecting a load so that both the drain electrical potential difference at the time of 
turning on complementary may become equal. 

[0029] In the laser diode driving gear of the above-mentioned configuration, two or more current sources, 
respectively It connects with a laser diode through the 1st switching means which is the differential mold 
current switch which consists of two MOS transistors. In case intensity modulation of the drive current 
which drives a laser diode by operating the 1st switching means of the above alternatively is carried out 
Enough from the total capacity of the capacity between the drain gates of the MOS transistor which 
constitutes said current source even if it changes the level of the modulating signal which is a 
complementary signal which drives each 1st switching means of the above The capacitor which has a large 
capacity is connected between the gates of an MOS transistor, the touch-down, or the power sources 
which constitute each of two or more current sources, and the volt ampere characteristic of the laser 
diode and direct current to the drain of one MOS transistor of two MOS transistors which constitute each 
of the 1st two switching means and the impedance in the operating point — abbreviation — by connecting 
an equivalent load Since the voltage variation of the gate of the MOS transistor which constitutes each of 
two or more current sources can be controlled, improvement in the precision of intensity modulation can 
be aimed at. 

[0030] In order to attain the 2nd purpose invention according to claim 3 In a laser diode driving gear 
according to claim 2, the 2nd switching means which constitutes said maintenance means consists of MOS 
transistors. In the PN junction of the source drain of the MOS transistor which constitutes said 2nd 
switching means The PN-junction area of the substrate of the P-channel MOS transistor connected to a 
power-source side, and the source drain of this transistor, Said 2nd switching means has a ratio with the 
PN-junction area of the substrate of the N-channel MOS transistor connected to the earth side, and the 
source drain of this transistor in an OFF state. While said laser diode is emitting light, it is characterized by 
being set up so that it may change in the direction in which the amount of luminescence of this laser diode 
decreases with time amount. As a configuration of the MOS transistor of the 2nd switching means, there 
are drawing 6 (a) thru/or (f), and it can be used, even if it constitutes so that the NMOS transistor in this 
drawing (b), (d), and (f) may be further permuted by the PMOS transistor. In addition, it is also possible to 
float from a power source and touch-down, to make the substrate of a PMOS transistor or an NMOS 
transistor into another potential, and to operate it respectively. 

[0031] Since the maintenance electrical potential difference of a maintenance means changes in the 
direction in which the amount of luminescence of a laser diode decreases with the passage of time within a 
modulation period even if the condition that luminous laser should be held by halt of a control system etc. 
in the laser-diode driving gear of the above-mentioned configuration, and the output of a comparison 
means should be held by the maintenance means continues at the outside of a modulation period, a laser 
diode can -ed ** according to an overcurrent, or it can prevent that the irradiated plane of a laser diode 
wins popularity in damage. 

[0032] In order to attain the 3rd purpose invention according to claim 4 It is constituted so that a single 
photodetection means to detect the amount of luminescence of a laser diode may be shared with two or 
more laser diode driving gears. And so that the amount of luminescence of two or more laser diodes may 
become a value corresponding to reference voltage based on the comparison result of a comparison means 
to measure the reference voltage for the light control of a laser diode, and the detection output of said 
photodetection means In the drive approach of the laser diode which carries out light control of two or 
more laser diodes by time sharing It gives a comparison means of a laser diode driving gear to drive one 
laser diode, the reference voltage for the light control of any one laser diode in said two or more laser 
diodes — this — To each comparison means of a laser diode driving gear to drive other remaining laser 
diodes, respectively The value which added the difference with the offset voltage which each quantity of 
light control system including each comparison means of a laser diode driving gear to drive the offset 
voltage which a quantity of light control system including a comparison means by which this reference 
voltage is given to said reference voltage has, and said each of other remaining laser diode has is made into 
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reference voltage. It is characterized by giving. 

[0033] By the drive approach of the laser diode of the above-mentioned configuration It gives a 
comparison means of a laser diode driving gear to drive one laser diode, one reference voltage for the light 
control of any one laser diode in two or more laser diodes — this — To each comparison means of a laser 
diode driving gear to drive other remaining laser diodes, respectively The value which added the difference 
with the offset voltage which each quantity of light control system including each comparison means of a 
laser diode driving gear to drive the offset voltage which a quantity of light control system including a 
comparison means by which this reference voltage is given to said one reference voltage has, and said 
each of other remaining laser diode has is made into reference voltage. It can give and the rest can 
perform quantity of light adjustment of all laser diodes with high precision by adjusting only the one above- 
mentioned reference voltage. 



[Translation done.] 
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[Example] The gestalt of operation of this invention is explained with reference to a drawing. The 
configuration of the laser diode driving gear concerning the gestalt of operation of this invention is shown 
in drawing 1 . The laser diode driving gear concerning the gestalt of this operation forms only one photo 
detector PD as a photodetection means to detect laser diode LD-A and the output light of LD-B to two 
laser diode LD-A and LD-B, and to output a photocurrent, and it is constituted so that automatic light 
control of laser diode LD-A and LD-B may be carried out by the drive circuit A and the drive circuit B and 
intensity modulation may be carried out by time sharing. Since the configuration of two drive circuits A and 
B is the same, the drive circuit A is explained here. In drawing 1 R> 1, common connection of the cathode 
of laser diode LD-A and LD-B is made, and it is grounded. The current sources 80 and 82 with weight are 
connected through the current switches 76 and 78 corresponding to the 1st switching means of this 
invention in the anode of laser diode LD-A. From the resistance R1 to which the current source 80 was 
connected between the source of the PMOS transistor P2 and the PMOS transistor P2, and a power 
source Vcc, the current source 82 consists of resistance R2 connected between the source of the PMOS 
transistor P5 and the PMOS transistor P5, and a power source Vcc, respectively. Weighting of the output 
current ratio of current sources 80 and 82 is carried out to 1:2, and transistor ratio W/L (W is gate width 
and L is gate length.) of the PMOS transistors P2 and P5 is set up so that the output current of a current 
source 80 may be set to 1x1 and the output current of a current source 82 may be set to 2x1 on the basis 
of the output current of a current source 80. 

[0035] Moreover, the resistance of the resistance R1 and R2 which forms the output resistance of current 
sources 80 and 82 The ratio of the inverse number and transistor ratio W/L of the PMOS transistors P2 
and P5 is equal respectively. The resistance of the output resistance of the current sources 80 and 82 
seen from the laser diode LD-A side can drive laser diode LD-A. And enough from the differential 
resistance of laser diode LD-A at the time of after [ a modulation ] actuation When performing intensity 
modulation of the value which becomes large, for example, 16 gradation, one 256 times [ 16 to ] the value 
of said differential resistance of this is chosen. It is because the margin of supply voltage is only lost by 
the voltage drop in resistance R1 and R2 even if it is about 40dB which made the upper limit into 256 times 
here and the S/N ratio of a laser diode increases it more than this with an electric-eye output by various 
noise sources. 

[0036] The current switch 76 consists of two PMOS transistors P3 and P4 and inverters 66 and 68 by 
which the source is connected to the drain of the PMOS transistor P2 which common connection is made 
and constitutes a current source 80. 

[0037] Moreover, the current switch 78 consists of two PMOS transistors P6 and P7 and inverters 70 and 
72 by which the source is connected to the drain of the PMOS transistor P5 which common connection is 
made and constitutes a current source 82. The current switch 76 and the current switch 78 are differential 
mold current switches which the gate of the PMOS transistors P3 and P4 or the PMOS transistor P6, and 
P7** drives by the complementary signal, respectively. 

[0038] The drain of the PMOS transistors P3 and P6 of the current switches 76 and 78 is connected to 
the anode of laser diode LD-A, and the drain of the PMOS transistors P4 and P7 of the current switches 
76 and 78 is connected to the end of a dummy load 74, respectively. The other end of a dummy load 74 is 
grounded. 

[0039] Through the inverter 66, through inverters 66 and 68, it is constituted by the gate of the PMOS 
transistor P3 of the current switch 76 at the gate of the PMOS transistor P4, respectively so that control 
signal P0-A may be inputted. Moreover, through the inverter 70, through inverters 70 and 72, it is 
constituted by the gate of the PMOS transistor P6 of the current switch 78 at the gate of the PMOS 
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transistor P7, respectively so that control signal P1-A may be inputted. Switching control of the current 
switches 76 and 78 is carried out by control signal PO-A and P1-A, and they carry out intensity modulation 
of laser diode LD-A. It prevents that the control voltage which controls the drive current of laser diode 
LD-A which capacitor Ci-A holds in case a switch turns off by driving complementary with inverters 68 
and 72 shifts transitionally the gate of each PMOS transistors P3, P4, P6, and P7 which constitute the 
current switches 76 and 78 by the feed through of a switch control signal. 

[0040] It is possible it to increase intensity modulation level by increasing a current source with weight 
further with the gestalt of this operation, including level zero, although modulation level is the intensity 
modulation of 4 level. Moreover, since a drive circuit is produced by the CMOS process in the laser diode 
driving gear concerning the gestalt of this operation It is easy to make current sources 80 and 82 and the 
discharge mold current source which constituted the current switches 76 and 78 using a PMOS transistor. 
It compares with the conventional discharge mold current source which the cathode was connected in 
common like especially a laser diode array, and combined the absorption mold current source and the 
discharge mold current source when a discharge mold current source was required. At a low noise and a 
high speed And the drive circuit, as a result laser diode driving gear of low cost can be obtained. 
[0041] Furthermore, the source 84 of a bias current which consists of the source 76 of good 
transformation, a PMOS transistor P8, and resistance R3 is connected to the anode of laser diode LD-A, 
and it is constituted so that a threshold current Ith may always be supplied to laser diode LD-A by the 
source 84 of a bias current. 

[0042] Moreover, the source 86 of a bias current which consists of the source 76 of good transformation, a 
PMOS transistor P9, and resistance R4 is connected to the end of a dummy load 74, and it is constituted 
so that a bias current may always be supplied also to a dummy load 74 by the source 86 of a bias current. 
The source 86 of a bias current is to change the terminal voltage of a dummy load- 74 similarly, and for 
fluctuation of potential Vdr0-A in the output node of current sources 80 and 82 and Vdr1-A make it min in 
all intensity modulation fields, when intensity modulation is carried out and the terminal voltage of laser 
diode LD-A changes. Therefore, omitting with the precision prescribe of intensity modulation is also 
possible. 

[0043] When a dummy load 74 turns on the current switches 76 and 78 and turns off, the volt ampere 
characteristic of a direct current and the impedance in the operating point are constituted using diode, 
resistance, a capacitor, and an inductance as laser diode LD-A, abbreviation, and a load that becomes 
equal so that fluctuation may become [ potential VdrO-A in the output node of current sources 80 and 82, 
and Vdr1-A ] small also transitionally also in direct current. Therefore, when the current switches 76 and 
78 are switched on and turned off, fluctuation of potential Vdr0-A in the output node of current sources 80 
and 82 and Vdr1~A is controlled. 

[0044] PD is a photodiode which functions as a photodetection means to detect the amount of 
luminescence of laser diode LD-A, for example, it is mounted in a package with two or more laser diodes, 
and the PIN photodiode which receives the light from the tooth back of a laser diode is used. Photodiode 
PD is grounded through the resistance R7 as a current potential conversion means whose anode changes 
into an electrical potential difference the photocurrent outputted by Photodiode PD, and the cathode is 
connected to the power source Vcc. 

[0045] 60 is a comparator corresponding to the comparison means of this invention which compares the 
electrical potential difference according to the luminescence quantity of light of laser diode LD-A in which 
current potential conversion was carried out by resistance R7 with the reference voltage Vr1 set up by the 
reference supply 100 which generates the reference voltage which is the desired value of the luminescence 
quantity of light of laser diode LD-A, and outputs the electrical potential difference according to the 
deflection. This comparator is constituted by the operational amplifier. Reference voltage Vr1 is set up by 
the reference supply 100, measuring the luminescence quantity of light of laser diode LD-A with an 
actinometer at the time of the automatic light control of laser diode LD-A. However, it becomes the value 
which the offset voltage of the quantity of light control system which contains a comparator 60 in the 
electrical potential difference which produces the reference voltage actually set up since an electrical 
potential difference is changed by the leakage lump from the gate signal of the NMOS transistors N1 and 
N2 in case the comparator consists of operational amplifiers strictly, a comparator input has offset and it 
turns off with a switch 62 further to the both ends of resistance R6 with the photocurrent output of 
Photodiode PD joined. Although it is better for especially the input offset voltage of a comparator to 
prepare reference voltage separately in order to raise the precision of the light control of a laser diode, 
since it varies for every comparator, it is complicated. So, offset uses not being influenced greatly for the 
drive conditions of a laser diode, and to one reference voltage Vr1 , it consists of gestalten of this operation 
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so that the difference of the input offset voltage of a comparator 60,160 may be added and the reference 
voltage Vr2 supplied to the comparator 160 of another drive circuit B may be impressed. Namely, as for 
reference voltage Vr2, only the difference of the input offset voltage of a comparator 60,160 is set up. 
Both laser diode LD-A and the luminescence quantity of light of LD-B can be set up with a sufficient 
precision in a high precision only by adjusting the reference voltage (the gestalt of this operation reference 
voltage Vr1 of a comparator 60) which is one side by this. Although the number of laser diode drive drive 
circuits (laser diode driving gear) is two with the gestalt of this operation, it is the same when this carries 
out light control of the n laser diodes by time sharing by n laser diode drive circuits, that is So that the 
photodiode PD which is a single photodetection means to detect the luminescence quantity of light of a 
laser diode may be shared with other laser diode driving gears With two or more laser diode driving gears I, 
— , n (n>=2) which have a comparator as an error detection means to measure the reference voltage for 
the light control of the constituted laser diode, and the detection output of said photodetection means 
[ two or more laser diodes 1 , — , when carrying out light control of the n (n>=2) by time sharing ] The 
reference voltage 1 for the light control of a laser diode 1 is given to the comparison means (comparator) 
of the laser diode driving gear 1. What is necessary is just to give the value which added the difference of 
the input offset voltage of the comparison means of the laser diode driving gear 1, and the input offset 
voltage of the comparison means of the laser diode driving gear n to reference voltage 1 as reference 
voltage n to the laser diode driving gear n. 

[0046] The outgoing end of a comparator 60 minds the switch 88 corresponding to the 2nd switching 
means of this invention, and is the input edge and Capacitor Csha of the buffer amplifier 64. It connects 
with the end and is Capacitor Csha. The other end is grounded. 

[0047] A switch 88, the buffer amplifier 64, and capacitor Csha A maintenance means 90 to hold the 
control voltage for controlling the drive current of laser diode LD-A which is the output voltage of the 
comparator 60 at the time of automatic light control termination is constituted. The maintenance means 90 
is equivalent to the maintenance means of this invention. 

[0048] The switch 88 has the NMOS transistor N1, the NMOS transistor N2 for noise cancellation which 
between source drains connected too hastily and was connected between the NMOS transistor N1 and the 
input edge of the buffer amplifier 64, and the inverter 62. The source of the NMOS transistor N1 is 
connected to the outgoing end of a comparator 60, and the drain is connected to the source of the NMOS 
transistor N2. The drain of the NMOS transistor N2 is connected to the input edge of the buffer amplifier 
64. The NMOS transistor N1 and channel length are equal, and gate width is designed by the NMOS 
transistor N2 so that it may become half. 

[0049] Moreover, control signal APC-A which controls switching of a switch 88, respectively is directly 
inputted into the gate of the NMOS transistor N2 through an inverter 62 at the gate of the NMOS 
transistor N1. In addition, as for the control signal to the gate of the NMOS transistors N1 and N2, it is 
desirable to consider as the complementary signal which started within limits which do not influence 
actuation and made falling late in order to control a switching noise as much as possible. 
[0050] Moreover, since the switch 88 consists of only NMOS transistors except for the inverter 62 
including the object for switching noise cancellation, a switch 88 becomes being an OFF state with as by 
failure etc., and it is Capacitor Csha. Even if the maintenance condition of the output of a comparator 60 
continues for a long time, the maintenance electrical potential difference is changed to a touch-down 
potential side, and the current which flows to the NMOS transistor N3 connected to the outgoing end of 
the buffer amplifier 64 falls. Therefore, destruction of laser diode LD-A and the damage to an irradiated 
plane can be prevented. 

[0051] Since the switch 88 consists of only NMOS transistors as notes, the size of the transistor for 
current outputs must be designed so that the electrical potential difference of the both ends of a switch 
may not turn into 1/2 or more supply voltage. Moreover, a PMOS transistor with PN-junction area which 
does not become more than the threshold voltage of the NMOS transistor N3 by which the convergence 
electrical potential difference at the time of the sample hold of the output voltage of a comparator 60 was 
connected to the buffer amplifier 64 may be connected to reduce DORUPU. In this case, what is necessary 
is just to also drive a PMOS transistor as a switch, if you want to lower ON resistance, and if that need 
does not exist, only the PMOS transistor which short-circuited the source drain which only has a PN 
junction is also connectable. 

[0052] Anyway, in constituting a switch 88 from two MOS transistors, a switch 88 has a ratio with the PN- 
junction area of the source drain of the MOS transistor connected to the PN-junction area and the earth 
side of a source drain of the MOS transistor connected to a power-source side in an OFF state, and while 
laser diode LD-A is emitting light, it is set up so that it may change in the direction in which the amount of 
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luminescence of laser diode LD-A decreases. 

[0053] As for an input stage at least, constituting from an MOS transistor is [ the buffer amplifier 64 ] 
desirable so that long duration and sample hold may be possible. With the gestalt of this operation, the 
operational amplifier with which the buffer amplifier 64 consisted of for example, CMOS transistors is used. 

[0054] thus, as a maintenance means 90 to hold the output voltage of the comparator 60 for controlling the 
drive current of laser diode LD-A during a modulation period The maintenance means 90 which used the 
switch 88 constituted using the MOS transistor and the buffer amplifier 64 with which the input stage 
consisted of MOS transistors at least is used, capacitor Csha which originates in the leakage current from 
the PN junction of the source drain of the switch which consisted of MOS transistors of the maintenance 
means 90 in the maintenance period of the output voltage of the comparator 60 in a modulation period If 
the direction in which it is held and fluctuation of an electrical potential difference reduces the output 
current of current sources 80 and 82, i.e., laser diode LD-A, is emitting light the time of an automatic 
quantity of light control signal not entering by designing so that it may change in the direction in which the 
luminescence quantity of light decreases — destruction of laser — or optical fatigue of the photo 
conductor of the laser xerography produced because laser carries out a long duration exposure — Or if it 
is optical recording, degradation of an optical medium can be prevented. 

[0055] Furthermore, it is the above-mentioned capacitor Csha. If it makes and puts in IC capacitor Csha 
Can avoid the leak on the printed circuit board which mounts leak of the leakage and external capacitor of 
the joint of the output terminal section, and an external capacitor compared with the case where it 
connects outside etc., and the DORUPU property of a maintenance means (sample hold circuit) to what 
used conventional BAIPORA It can prevent that image quality deteriorates in the quantity of light gap by 
that spacing of the automatic light control of a laser diode spreads when it compares, it has improved by 
leaps and bounds and a laser diode array is driven, or the timing of automatic light control differing with the 
adjoining laser diodes. 

[0056] The outgoing end of the buffer amplifier 64 is connected to the gate of the NMOS transistor N3, 
and the drain of the NMOS transistor N3 is grounded through resistance R6. The source of the NMOS 
transistor N3 is connected to the drain of the PMOS transistor P1 which between gate drains short- 
circuited, and the source of the PMOS transistor P1 is connected to the power source Vcc through 
resistance R5. The PMOS transistor P1 constitutes current Miller circuit. Resistance R6 is formed in order 
that the voltage variation in the gate of the PMOS transistors P2 and P5 which constitute the current 
sources 80 and 82 by current leak of the sample hold capacitor Csh may ease the effect which it has on 
the drive current of laser LD-A. If resistance R6 is not formed, fluctuation of the gate potential of the 
PMOS transistors P2 and P5 will influence a drain current, i.e., the output current of current sources 80 
and 82, in a square. 

[0057] Capacitor Ci-A is connected to the gate of the PMOS transistors P2 and P5 which constitute 
current sources 80 and 82, and the current switches 76 and 78 are switched by control signal P0-A and 
P1-A, and also when intensity modulation of laser diode LD-A is carried out, it is made for the current 
value of current sources 80 and 82 to have not changed transitionally. In this case, when forming capacitor 
Ci-A in IC chip, since a mass thing is not obtained, the capacity of this capacitor Ci~A determines capacity 
for less than 256 times as a standard from 16 times of the sum total capacity between the gate drains of 
the PMOS transistors P2 and P5 which constitute current sources 80 and 82. For example, if it sets up 16 
times, even if both current sources turn on and turn off in coincidence, the output of the buffer amplifier 
64 which enables it to press down fluctuation of the gate voltage of the PMOS transistors P2 and P5 which 
constitute current sources 80 and 82 to 1/16 will drive the NMOS transistor N3, and will carry out the 
constant current drive of the current sources 80 and 82 with the PMOS transistor P1 which constitutes 
current Miller circuit. In case the operational amplifier which constitutes the buffer amplifier 64 is designed, 
when it constitutes [ therefore ] an operational amplifier for the dynamic range of an input from an MOS 
transistor on the basis of touch-down potential in many cases, the difference input stage serves as a 
PMOS transistor, and it is because the dynamic range of an operational amplifier is not securable to supply 
voltage as a result to have reversed the current in current Miller circuit. In the case of a laser xerography, 
change of the injection luminous intensity of a laser diode serves as concentration of an image, and 
appears. However, in the edge section of the image from which reinforcement changes a lot, fluctuation of 
absolute concentration does not pose a big problem on vision. However, it is satisfactory if it determines 
that the output impedance of current Miller circuit will return to initial value with time amount extent 
whose gate voltage of the PMOS transistors P2 and P5 which constitute current sources 80 and 82 from a 
gestalt of this operation in actuation of current Miller circuit is 1 pixel of a picture signal, since a vision top 
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will also pose a problem if concentration changes in a large area. Namely, the gate of the PMOS transistors 
P2 and P5 which constitute current sources 80 and 82 By driving with the buffer amplifier 64 which has an 
output impedance from which the time constant expressed as a product with the total capacity of the 
capacity between gate drains of the PMOS transistors P2 and P5 and addition capacity serves as an about 
1 -pixel modulation period in an intensity modulation period Fluctuation of the gate potential of the PMOS 
transistors P2 and P5 of the above-mentioned current source which cannot be controlled by capacitor Ci- 
A is stopped within the 1 -pixel period of the intensity modulation of laser diode LD-A. Image quality 
degradation by the precision fall of the intensity modulation at the time of being applied to a laser 
xerography can be pressed down to the minimum. A dummy load 74 can make a precision fall the minimum, 
even if laser diode LD-A and a property are shifted somewhat. 

[0058] It has contributed to the resistance R5, R1, and R2 connected between the sources of the PMOS 
transistors P2 and P5 and the power sources Vcc which constitute the PMOS transistor P1 and current 
sources 80 and 82 which constitute current Miller circuit making high the output impedance of current 
sources 80 and 82. Since collector current will increase exponentially to base potential if a bipolar 
transistor is driven by grounded emitter and the base is driven on an electrical potential difference, control 
usually put resistance into the emitter difficultly, and has improved the controllability. 
[0059] However, at an MOS transistor, especially since a drain current changes by the square to gate 
potential, there is no need of putting resistance into the source. If the channel length of an MOS transistor 
is shortened in order to enlarge the mutual conductance gm of an MOS transistor, the output impedance of 
the constant current source constituted from an MOS transistor will decline. Although there are 
approaches, such as carrying out an MOS transistor for compensating this multistage, if supply voltage is 
low, the dynamic range of an output is not securable. Then, the resistance R5, R1, and R2 to which the 
output impedance of current sources 80 and 82 becomes large [ 256 times ] from 16 times of the dynamic 
resistance at the time of modulation actuation of laser diode LD-A as mentioned already is connected 
between the sources of the PMOS transistors P1, P2, and P5 and the power sources Vcc which constitute 
a constant current source circuit. It becomes possible to secure both dynamic ranges of the output voltage 
for laser diode LD-A connected with the precision in the intensity modulation of 1 6 to 256 level by this 
with sufficient balance. 

[0060] In addition, the control means which inputs control signal P0-A, P1-A, APC-A, etc. (related with the 
drive circuit A) and which is not illustrated is equivalent to the control means of this invention. 
[0061] Next, actuation of the laser diode driving gear concerning the gestalt of this operation which 
consists of the above-mentioned configuration is explained with reference to the timing diagram of drawing 
2 . The threshold current of laser tie ODO LD-A is first set as bias power supply 84 and 86 beforehand. 
The same is said of the bias power supply of the drive circuit B. The drive circuit A performs automatic 
light control of laser diode LD-A first. If control signal APC-A becomes high-level at time of day t1 first, a 
switch 88 will be in an ON state, the maintenance means 90 becomes sampling mode, and the output 
voltage of a comparator 60 is Capacitor Csha. It will be in the condition which can be charged. 
[0062] Moreover, when control signal P0-A and P1-A become high-level at time of day t1, an ON state and 
the PMOS transistors P4 and P7 will be [ the PMOS transistors P3 and P6 which constitute the current 
switches 76 and 78 ] in an OFF state, consequently current ILD-A is supplied to laser diode LD-A from 
current sources 80 and 82, and laser diode LD-A emits light. The injection light of this laser diode LD-A is 
received by Photodiode PD, and Photodiode PD outputs the photocurrent according to the luminescence 
quantity of light of laser diode LD-A. This photocurrent is changed into an electrical potential difference by 
resistance R7, and is inputted into the inversed input terminal of a comparator 60 as a monitor electrical 
potential difference VPD for supervising the amount of luminescence of laser diode LD-A. The reference 
voltage Vr1 for setting up the desired value of the amount of luminescence in the automatic light control of 
laser diode LD-A is inputted into the non-inversed input terminal of a comparator 60 from a reference 
supply 100. 

[0063] A comparator 60 compares reference voltage Vr1 with the monitor electrical potential difference 
VPD, and outputs the electrical potential difference according to the deflection to the buffer amplifier 64 
through a switch 88. Consequently, capacitor Csha It charges with the output voltage of a comparator 60. 
Capacitor Csha A charge electrical potential difference is outputted to the gate of the NMOS transistor N3 
from the buffer amplifier 64, the NMOS transistor N3 and the PMOS transistor PI which constitutes 
current Miller circuit drive, and the constant current drive of the PMOS transistors P2 and P5 which 
constitute current sources 80 and 82 with the PMOS transistor P1 is carried out. 

[0064] The NMOS transistor N1 which constitutes a switch 88 will be in an OFF state, and the monitor 
electrical potential difference VPD is Capacitor Csha, if it goes up until it is in agreement with the 
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reference voltage Vr1 set up by the reference supply 100, and control signal APC-A is set to a low level at 
time of day t2 after that. The output voltage of the comparator 60 at the time of automatic light control 
termination is held. 

[0065] The PMOS transistors P3 and P6 which constitute the current switches 76 and 78 when control 
signal P0-A and P1-A are set to a low level at time of day t2 Moreover, an OFF state, The PMOS 
transistors P4 and P7 will be in an ON state, consequently current ILD-A supplied to laser diode LD-A 
from current sources 80 and 82 until now is supplied to a dummy load 74. Laser diode LD-A puts out the 
light, and since the light-receiving quantity of light of Photodiode PD also serves as zero, the monitor 
electrical potential difference VPD also becomes zero. 

[0066] Next, if control signal P0-A becomes high-level at time of day t3, since the PMOS transistor P3 
which constitutes the current switch 76 will be turned on, the output current (1x1) of a current source 80 is 
supplied to laser diode LD-A, and intensity modulation of level 1 is performed. At this time, since an OFF 
state and the PMOS transistor P7 of the current switch 78 are turned on by the PMOS transistor P4 of 
the current switch 76, and the PMOS transistor P6 of the current switch 78, the current of 2x1 is supplied 
to a dummy load 74 from a current source 82. 

[0067] Moreover, if control signal P0-A is set to a low level at time of day t4 and control signal PI -A 
becomes high-level, since an ON state and the PMOS transistor P7 will be turned [ the PMOS transistor 
P3 of the current switch 76 / an OFF state and the PMOS transistor P4 ] off by an ON state and the 
PMOS transistor P6 of the current switch 78, the output current (2x1) of a current source 82 is supplied to 
laser diode LD-A, and intensity modulation of level 2 is performed. At this time, the current of (1x1) is 
supplied to a dummy load 74 from a current source 80. 

[0068] Furthermore, if control signal P0-A becomes high-level from the condition of a low level at time of 
day t5, and it is maintained while control signal P1-A has been in a high-level condition Since an ON state 
and the PMOS transistor P7 are turned [ an ON state and the PMOS transistor P4 ] off by an OFF state 
and the PMOS transistor P6 of the current switch 78, the PMOS transistor P3 of the current switch 76 
The output current (1x1) of a current source 80 and the output current (2x1) of a current source 82 are 
supplied to laser diode LD-A, and intensity modulation of level 3 is performed. At this time, only a 
predetermined bias current is supplied to a dummy load 74 from the PMOS transistor P9 of bias power 
supply 86. If both control signal P0-A and P1-A are set to a low level from high level at time of day t6 
Since an OFF state and the PMOS transistor P7 are turned [ an OFF state and the PMOS transistor P4 ] 
on by an ON state and the PMOS transistor P6 of the current switch 78, the PMOS transistor P3 of the 
current switch 76 All of the output current of current sources 80 and 82 flow to a dummy load 74, a 
threshold current Ith is only supplied to laser diode LD-A from bias power supply 84, and the intensity 
modulation of the same level 0 as the period of time of day t2-t3 is made. The monitor electrical potential 
difference VPD inputted into the inversed input terminal of a comparator 60 from resistance R7 according 
to change of current ILD-A which flows to laser diode LD-A also changes. 

[0069] Henceforth [ time of day t7 ], although intensity modulation actuation after the automatic light 
control of laser diode LD-B and automatic light control is performed by the drive circuit B, since the 
automatic light control and intensity modulation actuation which were performed by the drive circuit A at 
time of day t1-t6 about laser diode LD-A, and the contents are the same, explanation is omitted. 
[0070] As stated above, according to the gestalt of operation of this invention, it becomes possible to also 
secure the dynamic range of output voltage, securing the precision at the time of intensity modulation by 
connecting the suitable resistance computed from the dynamic resistance at the time of actuation of a 
laser diode between the sources of a PMOS transistor and the power sources which constitute each of 
two or more current sources. 

[0071] Moreover, the maintenance property of control voltage can be improved, without using an external 
capacitor by the high impedance nature of an MOS transistor, while being able to obtain a low noise, a high 
speed, and the drive circuit of low cost compared with the conventional discharge current source which it 
was also easy to make a discharge current source using a PMOS transistor, and the cathode was 
connected in common like especially a laser diode array, and combined the absorption current source and 
the discharge current source when a discharge current source was required, since a drive circuit and the 
holding circuit of control voltage are produced with a CMOS transistor. 

[0072] Furthermore, fluctuation of the gate potential of the PMOS transistor which constitutes the current 
source produced in case a current source turns on and turns off at the time of intensity modulation can be 
controlled by connecting the capacitor which has a sufficiently larger capacity than the total capacity 
between the gate drains of the PMOS transistor which constitutes a current source between the gates of 
a PMOS transistor and the power sources which constitute a current source. 
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[0073] Moreover, the volt ampere characteristic of the laser diode linked to a current switch's laser 
connection and reverse side and a direct current and the impedance in the operating point omit. 
Fluctuation of the drain potential of the PMOS transistor which constitutes a current source by connecting 
an equal dummy load can be made small. And the gate of the PMOS transistor which constitutes each of 
two or more current sources By driving with the buffer which has an output impedance from which the 
time constant expressed with a product with the total capacity of the capacity between gate drains of 
these PMOS transistors and addition capacity serves as an about 1 -pixel modulation period of a laser 
modulation period Image quality degradation by the precision fall of the intensity modulation at the time of 
stopping fluctuation of the gate potential of the PMOS transistor which constitutes the current source 
which it cannot finish pressing down by the capacitor for fluctuation prevention of the above-mentioned 
gate potential within the 1 -pixel modulation period of a laser modulation, and being applied to a laser 
xerography It can press down to the minimum. 

[0074] Furthermore, the reference potential according to individual for every laser diode required of a laser 
diode array One reference potential is made into the reference potential of the comparator of one drive 
circuit. The reference potential of the comparator of other drive circuits offset of the quantity of light 
control system containing the comparator to which one reference potential given previously, respectively 
was connected, and offset with each quantity of light control system containing the comparator of each 
other drive circuits, since difference is added to a previous reference potential and given If the difference 
of offset is set as the beginning, the output quantity of light of all the laser diodes of a laser diode array is 
correctly controllable by adjusting only the one above-mentioned reference potential after that. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The circuit diagram showing the configuration of the laser diode driving gear concerning the 
gestalt of operation of this invention. 

[Drawing 2] The timing diagram for explaining actuation of the laser diode driving gear shown in drawing 1 . 
[Drawing 3 ] The circuit diagram showing the configuration of the important section of the conventional 
laser diode driving gear using a discharge mold current source. 

[Drawing 4] The circuit diagram showing the configuration of the important section of the conventional 
laser diode driving gear using two or more discharge mold current sources. 

[Drawing 5] The circuit diagram showing the configuration of the important section of the conventional 
laser diode driving gear using a PMOS transistor. 

[Drawing 6] The circuit diagram showing the example of a configuration of the sample hold circuit using an 
MOS transistor. 

[Drawing 7] The explanatory view showing relation with the PN-junction surface ratio of the earth side the 

power-source side of the MOS transistor which constitutes the convergence electrical potential difference 

and switch in a switch terminal by the side of the capacitor in the control voltage maintenance condition in 

a sample hold circuit. 

[Description of Notations] 

LD-A Laser diode LD-B Laser diode 

PD Photodiode 60 Comparator 

62 Inverter 64 Buffer Amplifier 

66 Inverter 68 Inverter 

70 Inverter 72 Inverter 

76 Current Switch 78 Current Switch 

80 Current Source 82 Current Source 

84 Source of Bias Current 86 Source of Bias Current 

88 Switch 90 

90 Drive Current Control Voltage Maintenance Means 
100 Reference Supply 160 Comparator 
200 Reference Supply 
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h7»'X^ME S F E T*ON^-fr>*;l/ffl«WJa* 

/Co 

so [0011] —75". »W 7-335957 ^$8^ 
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BB¥8-2 9 3 8 3 7^«tttiMOS F ETlC<fc5U 
— *f F^>fM— tffBISSftTt^So CMOS&£PMO 

[0 0 1 2 ] aSPSS 1 ) £ c 3#y- hfiioaaiftJcj; 0 
MOS h^VS/X^O F ls4Z^m&\Zz/**yffilgX* 

fwv • V"xra«fffcfla?rrs«iRi^**<fto 

So 

CO 0 1 3] g»gl2) HStcPMO S^rffifflLfcSSJfig 
ffl^ffi*Rt^UiLSmi!S[ilB*W-!rS tfy>f KB 
«l«!a(0«flt4^-r o RUHlc^T. /W7XSMtiK3 
Otc j: D U— »fy-f K L DOBBfflfaSS I thtfS^S 

ixl), Rt£HiL5!««aB3 3 (n±i*ajl/ffl8S2 x 
I) fttt€raLS8iBW«3 2. 3 3fc««snfci8iSx 
^'Vf34, 3 5*SJB>{i-5fPO, P 1 Tumrzct 

S«iffiJB3 2. 3 3^Mf5PMOSh7»'X^(D 

SS3 7^MtSCMOSX^-vf3 8«:SJBHI*IC S 

-KL D<otB^*S)feLfc7* hm-KPD«0Hi 
**Jt«88 3 6tfi»iS"rsci:fc:j:«?jgts$n. 
ffi£ CMOS X-f 7f 38 JEr^lc LT3 V-r Vtf- C sh 
fc«l#U affl»fOi&J»fflffVshi:-rSo flftMOSF 

e t i±y- h v tf-^vx^ja^oti 5 ic^-r 
o ^$cmv$<Dmwni±tfm$z ns n v-r^-tr c shco 

[0 0 14] ^C5^S6*2fflO/^bXttS3BTeiraH 

%o tz 5 (omr-famiM^ p 1 ^a^u^c, 

u-l^;W;:-r££. Tl»3 3^MT5PMOS h 
^>^X£M 1 OFWVtgJEVdrl t±S«S«ffifr£U 
tfOi!ft?«ffVLDfc±#-rS. COF WV«EVdr 
1 ©8ft:«:aaiB3 3*««t5 h7»'X?M l OF 
W V • y— MfflS«*^LT*JWtBffiVsh*±B*-e- 

So *-<ois«. tBSS«3 2. 3 3com^m«ifiit±a / >*r 

ctJciOWWBEEVsh^ftL. SWx-*fc*fLai 

[0 0 15] SB 3) l-—^^V^-KtcSgSfi^Sf L ^flt 
«&f Sffl8R»*M0 S F^Vv'X^T'tS/rr Settle, 



«®fcfa±TSCitf-C*So ^cb-lf^V^— F7 

ffilH8u« Jtffl»JW4± Ify^;*- FfiDlti*}fc«:SJfrr 

5 7 * h #4 F*<«»© Ix— *f£V k»c» L— 

10 os^s^STx 1 ^^^irc^^^ytmmmc^T^ 

*fy>f*— F^»#0^«£. -JWJfcHfMWS 
nT(/>SvgSK«3?«J®^BI±cOF;l/-7 p (tffiESW) tfRflffl 
[0016] —Jjt>o—D(Djjm± 1 ^v^cSE^ 

20 ^^^^n^/c^^>^;l'^— ;U F®SS<D F;U— y 
[0 0 1 7] L^Ll -^-f >tpk:i&46S5tiaSija'©0#Ba 

[0 0 18] F;l/— T/OHiBli. IK*0->vy;l/U— *f 

— *fy-r^-— F7u— ^rfflt^r. — mcommmicis— tr 
two V}\s~ytmnic'&&%:R&~frc&b Y^—y^tmz 

fflfil-rSi^S^feofCo MOS h^VS/X^ti/W*— 

[0019] i:c5T^vy;U^-;l/F[EigStcti[g6 
Ca) {C^r^dtCil^, CMOS7otX^t,^CM 

osx-f -y^fflt^tiSo cntix-r^o^vgia 

So ^6Jcfcl^T. ^6 (a) tiCMOSX^yf, B 

6 (b) liNM0SX^7f, i6 (c) . (e) 14 C 
MOSZ-YX^f >-t7f^X^7f, 06 (d) , 

(f) t4NMosy>rx*^v-fe^f^x^y^ 
n-Ftifflo^itv^i/^^i/FiaB^LT^^o ^6 

so tC^ol^T 10 0—1 0 5l±y>f X*^V-b^T*S, 
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[0 0 2 0] — fStmc CMOS 7^7fCDPMOS F^ 
li:io©fe£TSte>Sft5o -otiX^y^y^V^X 

OS F?y$?X*©y-F«;fc*L«iiBt'rS. C^t 
S^PMOS h7»'X^^NMOS h7V^^©y 

— hfrt><D7j— FX;U— A«Jfiffitt<orc»PMO S 

y-rxt±fflis*rSo LfrLcc^arex^^yyy 

^PMOS F7»*X^i:NMO S F^y^X^Tlfb 

JETii C M O S X^y * W»DKI0Blc J:57^-KX 
^~^PMO S h7>y'X^i:NMOS F^yvX* £ 

X^*^yyy^X*«&L;fc^ig£ttMOS b^>is 
XtKDf- F*g£¥»£Lrt:^-<OMO S h7yy*X 

— MH^SHcLfc^ — <DMOS h7>vX^^ffi 

[002 i ] ti^— ooSjati*v«RoffliBfflflEfl!re 

tt*/h?<-TSi&&T\ CMOSX^7f*«fiJt5P 
MO S h7>y"X^i:NMOS h^V^X^oy- F<9 
y-h*g^:W. y-hg^L£LTW/L<Olt (F^y 

tSo c^-rstcMosx-r^^osuS^iBfi^m^ 

^EElC— &L/c:Jg£-<DPMO S h^^z/7s2(D*l/mri 
£. C MO S 7f RUSoaffitf fiJfiSfit-aif: 
it^-ONMOS h^>v ? X^O^V}gtnLC0fii^§L<^ 
5c CMOSX>T-y^T*l±ffl«ffi^*V»lSi:. f&t^X 
^7fV^V>f X^H*^ nS/:4i)CMOSX^7^ 
fi$/£*r&PMOS h7VyX^<l:NMOS h7>>?X^ 
t±«/hT*§L0^+>*^ST»It*r5 o aDTctbi,-*'? 
tlOftST'KH-UTfePMO S h^y^X^^NMOS 
F^y^X*©*Ba«3|Lt^a\ ^^cliPMOS h^V^ 

^OPNg&'J-^^PMOS h7»*X^^NMOS 
h7^^km SL^t-rst, *y:/;l/*-jl/ 
F@B^*-;UKttttOS*3»K?nfeil^ PMOS 

^ * ti± n s«# wsuciSKs nrt^ fcA6, 

CONgfifcV— X* KWVT^5Pfi:£0PNS'& 
*a It Ffflayfyit c 

shfcSKni&^x NMOS h7»*X>TtiPHE^Sfl!! 
^tiT^Sfc*, C<0Pg«£V— X- FWy?*£ 
N« £ (O P N «^6ILT U -tnVr&V- 

^F|sIKOta*rt±NM0 S F7^X^, PMOS 

h7^x>oy»x« f wvoPNft^soy- 



7Ti7 ^T^<]:^c l /2ffiSmEE«±<0Bffifc:iBU|s 
t5o c<OlET + CMOSX^7fONMOSh7yS/ 

[0 0 2 2]ISg^4) L/-W*-H71/-Ogi7t 

Ffc#LT— SO?* h^*-K*«fflL«»IIT 

FOSift^SMffllti U— *f^V*- F<0JttB*€:«tfJ-r 
10 £— "SO?* F^;*— FHtfj*. 1fi*V;J---F<0 

a»3^»JWOfc»»cfflt^6nSiaa©J:b«88*4ffl/f lc 

Z>mc&U-*f$?J*- FSlclBH-rSi^ffi^ofco 
[0 0 2 3] *«WtiC(0«t«5«cWfSJ*:fB*iTft5n/c 

- FB»«E*«flW-a c^^KO@Wi:«o 
2o [0 0 2 4] *fc*»i!Bi±ipJWlRO(?±§o«if^fiti: 
«fc t> U— *f F*0K»ia8S«:*J»-rSSPJWffi£E% 
««fTS««F#a (-9-y^l/*-;l/FI§lK) ^»J»S£E 

FK«ia8BB*ii«-rs c £*mz<osm£?%>o 

[00 2 5] Ete*IHHttU-if ^W*- F<D5S#3ttS 
[0 0 2 6] 

Mzm&m i tefsasoawifct. y^>r*«- fo%b 

*f 5*V*- F<oa«BWS«P«ffk:»^Sr5«[k:as <fc 
5*cu— tf^r-Y*-F«raftJtta«miLfe«. BfiMifi 

Ftf«iIJSR;*njfcMOS h7>y*X^i:iM0 S 
F ^ y s> x ^^v-x^g^/c t*«a> t <o mc tguz 
tifz&tri£T'ffi!8 t -Zt\&£mz, U— b'*m 

THuE«a<o» i ox-r ^^-^a^a^w^Mff 
so *«ia-rsMos F^y^x^ kfluEfifitfc^T. m 
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OS h^>V7>?<D7—bK\Nt?-h&L£<OttV& 

[0 0 2 7] ±B«J«Olx-tf^*- FWBttHT 
li. l^tf^*-F*B»-r53fe*©HiWaW*«»& 

OS h^>^X^cDV-X^}glffi^fc(i^i:(OP^C^ 
nftig^MLTML, i0E*a*>«iB8B<O»* 

- F<DawttsaiMffioiRi±A«gins «f*v 

FO^PJMJEtfA^U-' 9^*- FlcfcJttS 

— F©»#«!fM>aOHS 1 OQOfci&fll***, 1 6Pg 

i^cnoi 6 ffitUifcft £ «fc 5 icRSisffifcSBrr n 

[0 0 2 8] S^:IBsR«2fcE«EiOSHBt±. IfcRJg 1 lc 
EtKou-^^^-FKMiaEHlcfet^T. HuE«a<o 
®S5^0^^^:«5J5£*r^MO S F7^>*X^y-hi: 

KW>- y-FB8SffiOffi§a<Di eteJ; 2 

E«*^S*. i»Eit«*S©a*ttk:-fiStt^«««ti 
5S2 0X^^f¥9t, SuE&MOS h^Vi/X^O 
F U-f > * y— F P^SS £ SuEn >x vtKDSfflt £ <D*g 

s»fcoffl7?a^ti5Bjsa*^«fc ; E'Ht*«^*o— eat 

Offt««<OA*«W^2nA*Bb^MOS F^>^ 

^2»aoffii««o*^(oa*ffl!irc»«^tLy"- f#*i 

M»SBiffiX*f -y^TfeD. K200MO S F^V>?X 
?<D—y5<0 Fb-rv^SufBU— tf£V*- FlCfflKU 
fflffiWlc*- > L/c SOS F U-Y VfSEtf H L < & £ £ 3 

^>^-^">X^MEW1f^^--F^BS§Li^^ 
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[0 0 2 9] ±E«JSE©U-1f £V FiBiSSHB-e 

^aomss^^n^ti. 2ooMosh7^x 
x^ y ^¥aftaw!Wk:»fiF**a c tic* t> u-if ^ 

-f^-F^J^^SBSftfflSKSaaSH-rsiHU:, ±E 
^oi^;i/*Sffc5*Tfci(JEai«**«J«-rSMO s 
53\ ^^O^Sa^^Sa^-rV^ffia'OfflSttiRO* 

s h7yyx^(D f wvicu—y^v*-- f^sss© 
-ajs fflsswttatf »ftjST*o>f > tr-^>x Awsififfia 
fi^*«s-r s c £ \c x t> ffla©ffiss»o&* *«u«-r 
omos h^v^x^oy- homE^^WJ-rsc 

20 [0030] m2 0)Bm*mj&'?z>tttb\cm&m3ictz 
Mvmmi. m&m2 ^e*b*o u— *f ?y FBsaas 
Hfcfei^T. t3E«»^a*«i«-rs»2cox-r<y^* 
StiMos f^vs;x*t?«j«s*u SuE?g2<DX^y 

f^MtSMOS h7>'>*Z^t0V-X- FU-Y 
^PNg^C^t, «B«fc»aStl5PSMOS 

h^v^x^coatSiilSh^v^x^oy— X - 

V£4>PN»*ffiBfc. S«2<R«cJg^^n^N§!lMOS 
hvV^X£Og«£^h^>^X2<0V--X • FU-T 

30 ^7ttlBu:fto % ftiEU-lf^:*- F#5g3tLT^S 

WrtKu-ifS'v*- F<o«3t«tfBsra^Jt*c«*-rs 
^iswcffif tr 5 ct -5 ic»£s nr ^ s c t srttfs t r 

LTti^6 (a) Jb^ (f) ^feO. 2Jc|rI0 (b) , 
(d) , (f) IC&ltSNMOS h7»'X^^PMO 

^A^T*5. PMOSh7^XjtSfcliNMOS 
40 [00 3 1] ±E««<0U— tfy-f*- FjBBKET 

Fosata^BSiffloaafcftfcK^-rs^fijtfi 
saw a5*'«ffl«:s» s o * r± 7? * s 0 

[0 0 3 2] S30gW^ii^*r^fc46JclB*^4tcE 

so ^Tt^m^a^^a^ u— FBttsnTttH 
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ffi^JE £ L T^-pL Set i:t5 0 
[0 0 3 3] ±HaW5figou—tr^V^-- FOEJ&TjjfcT? 

-ocou— +/£V*- F«rBSa-r5 U-1f 3<V FJB 
-Y FB»«fflo*iUK#a*-acr*}ttaWW3R*^ 

ts^7-t7 hmi±£(om^im?Lrzm^m^mE.£Lx 

^OU- tf^V*- FO*a«B«iBWKfc:fT-5Ci:- 
[0 0 3 4] 

FB»»H©«|ja*«S*nTt^5o 

LD-A, LD-Bfc#LU— If^-Y*— FLD-A, 
LD-B<oa*3t«r«aiLTita«l«:ai*rs-)ttta^ 

st LT<DS)6«? p D^—Drzimif, ftftrnvrnm 

B»lHlBSBteJ;t) Is—' VP**— FL D-A, 

LD-B*g»^»jwu h^&mm&rz>&^>\cm 

o/c<£, CCTtiffilSlHlBAOftifcou^TSaB-rSo B 
nctdl^TU— *f94*— FLD-A, LD-BOAV 
-Ftt#ffl*«S*u SHfiStiT^S. U—1f^>f*» 
KLD-A<07y-K \±&Sm<om 1 O X >f v ^&ic 
#JS'T59IS£X>f *y?-7 6. 7 8Jgrrt*LTfi3M>f£B8St 
«8 0, 8 2#ffi&£ftT^5, 'SftQK8 OtePMOS 
h^V^X^P 2&IFPMOS h7»*X^P20V- 
XifflBVccfc^mfcSNRSftfcfiftR 1 cfc tK 
82&PMOS h7»*X^P5MPM0S F^V>? 



2ct*?. fnfnM^nti^o mgs^so. 8 2<o 

a*«8KJtl±l : 2lc2#tt»£tiT*5D, «Kfi8 0 

sfetassss 2<om*«8ttt±2 x ncfts^^fcip 

M0Sh7»^^P2, P 5<0F^>^X£JfcW/L 

[0 0 3 5] 8 0. 8 2 (Offi^fiJa^JBrtt-r 

io SgRRK R2<0ginfill± x ^tX^tV^<Di5??&£: PM 
OSh7^>'7^P2, P 5(0 F^Vi/X^JtW/L £ 
«0Jt#5L<. idOb- FLD-AffliJ^JI 

-FLD-AOfl»»«St«ct«3+», «y 

1 6figf^6 2 5 6{g<DM#JliR£nSo CcT±IB4 2 
5 6fSt LfcOti *f?-{*— F^S/NJ±#H*<0 

20 W±J»* £ -£T t> eta Rl, R 2 T<DfffiEBTT^BS« 

[0 0 3 6] ffiSftX^'^7 6(±. v— xBases 
nmSl^8 O^IK^cfS PMO S F^VS/X^P 2(0 F 
WVfCjfJgc^nS-O^OPMOS F^V>?X£P 3, 
P4MV^6 6, 6 8cfct>«t«SftT^S 0 

[0 0 3 7] *fc«8ttX*f -y*7 8fcl\ V— Xtfttffijg 

astifflsaiBs 2^Mt5PMos f^v^x^ps 

<0FU-T>fc«astl5— ^CQPMOS F^>5/X£P 
6, P7»W^-^7 0, 7 2 <fcO«jSE5tlT^ 

30 So ffl«tx-ry^7 6. matx-r*y^7 8ti. ^n^n 

PMOSF7»*X^P3, P 4. d&SlHiPMOS F 

7>s;wp6 f P7, oy-h3^«»«^i?waffti 

[0 0 3 8] BSSX-f <y^7 6, 7 8OPM0S h7> 
>*X£P3, P 6 O K WVii b«if K L D- 

ACOTy— FtC N aaEX^<y^7 6, 7 8OPM0SF 
7V^X*P4, P70KW>ii^-P-K7 4fl!) 
-ffitc^tl^tl. ffiKSftT^So ^"D-F7 4i?3 

40 [0 0 3 9] tBatX^-y^-7 6CDPMOS F^Vi^X* 
P 3(0y- Mct4-f 6 6*^bT, PMOSh 

7>yX^ P 4 htCti^T V/^— ^ 6 6. 6 8^ 

LT^n-Ftu »J«Mi^PO-A^X*;?n5«fc'5»£:«l 

jSK^nr^So S)taa[x-r^^7 8<dpmos 

^X*P 6CDY— 7 Ot^LT, PM 

OS F^V>>X*P7<oy— Ffctt-f>vS-*7 0, 7 

2^ttfnfn, $mm^ i - A^AA^nsj: 

fPO-A, P 1 -ATX^^^V^WJWStu 9 s 
so ^*-FLD-A*aiflK»l'r5J:'5fcftoT^5o 
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iiSX^7f 7 6, 7 8^:M«§PMOSh7»' 
X£P3, P4. P6, P 7 COY— M± ^6 

8. 7 2^ Dffl»wtcK«i*ns<i^-ex-r 

"FLD-A OJBi»«i?lE«r»J»"r SMWfflEA'X^r y * 
[0 0 4 0] *^<ojgflBT*fcl\ xaix^;HiU^;Hf 

-Y*- KSgfiftKiaT'liffiSftlslBSrC MO S ^Dtxt-ft 
Sa-TSO-C, PMOS h^>i/X^«rffll^TtaSKiK8 
0. 8 2, mm.^y^7 6. 7 8 *«JJiK Lfctt^ffl L 

y-fX. iS&T*. coffin X h<0S£Hi[5]gS. Si^TciU 

[0 0 4 1 ] 5£lC U-+f^-f*- F LD~A^7/- F 
fct±BrS'fflilR7 6. PMOS F5;/^X£P 8&l«Sta 
R 3*^&5/W7Xffl8RiR8 4*«»SE4tlT^f5, ^ 
-Y7XfgSfaKt8 4lCfc 9 fits*. U-1f^-r^— KLD- 

[0042] ^fc^^-n— K7 4o— ma±^mm 

7 6. PMOS h7>^X^ P 9M'fifiiR 4 

8 6fc«fc>?««k ^-u- F7 4 lCt)/W7X^ 

8tmm L U— 9*$*V K L D - A (OfljKPWEtf g 
{fcLfcKI, [Riaitc^^-n- F7 4 ©ISB^ffflEfcgft 
U 1»8 0, 8 2<0Hi*y- KfcJSWSafflVd r 
0-A, Vd r 1 -AOa»itfiSftffi«»*-r^T"C« 

fiSSK ^BS-T S C £ fc RTfiBT'ifc So 
[0 0 4 3] — D-K7 4timRtX-Y-y-^7 6. 7 
8£r*V, *7U^IR«t:ffi8SiH8 0. 8 2 0ffi^/-F 
te*5«"£«{ftVd r 0-A, Vd r 1 - A tffiBEWfc: 

T^V;*- F\ fist, nv-rv*. ^y^^vx^i 
^TM^ntl/^o LfctfoT. IB85tX>f 6, 
7 8J&tX *7LfclSfc:»i3iiiB8 0, S2COtatiy — 
KfcHsW-SflMiVd rO-A, Vd r l-AOSKF^W 

[0 0 4 4] PD&U— W*»KLD-AOS«l 
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S*t5 P I N7* h^*- KtfffiM?nSo 7*h 
KPDliTV — F i*V F P D »c <fc 

[0 0 4 5] 6 0t4U— tf^V*- FLD-A<D58Jt« 

aoga«'P*»a«iiBffi*a*-raBJp««i ooic 

«t OKSStiSa*«BEVrl £fi$tR 7 lc<J; D«a«E 
10 mW&ntc U— tf $*V F L D - A (DSftJfcfflfcfSi; 

Ri8«33 <fc d nr 1 ^ s • a ^ie v r u± u— 

V^*- KL D-Aoe»3ttfflMWBffc: F^V* 

iSffi»T-«8fiE«nT*5t), Jt«ffiA**;:t±*7-by Ftf 
S'X JgfcX-f 2Tn±*:7T36SNMOS h7y 

s/x*n 1 , n 2 coy- hfi^*^<ojBnj&*7?tajE^ 

^C'^tct^e^<^^U-+/^^- FOt'cS^JQII^ 

i/^«*tT**So *Cl?3(^l»«0JBffit?t±*7-by F# 

*«JBU — ;£<Da«P«iEVrlfc*fU t^-^OSg®) 
[«ISSBtOi:tKSl 6 0fc:«»;*ft5g!pffiffiVr2*it« 
30 §§6 0. 1 6 0<DXti*7*zv FmjE<OM£/jn*Tmjta 

i±$S§§6 o. 1 6 0<OKti^ry^ y hW±<OWc^tm 
^ns« ctiUicfct)— *<0S*fflEE (#HflK>»BJBT 
l±J±«B 6 OOS^mEEVrl) JgrSlfi-rs^TWffiJ; 
< P52j<0 ls—~*f$f 4 KLD-As LD-B^^7t7t 

-If y-f KOSB63t)tt«**Hrt-5*-iO)6tttB#a 
T'^S^^- F^^^-— FPD^{fi£0U— tf^V*- Fig 

OU— y^>T*— KjBftKHl, n (n^2) 
^aOl/-fm-Fl ( n (n^2) ^P#^ 

3ea*o«iofea6©a»«EEi ^ru-^v^-- vmm& 
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[O 0 4 6) it«IS6 0Offl*fl»«2|s:5eWOS2OX>r 
-V f^aicJttSf S X-T >y 8 8 $rfr L 7 ^ 7 > 

re 4 0A*«arfn>7 s v+fCsha <o-«a»c««ffti 

[00 4 7] X-f7f 88, ^7777^76 4 Stf 3 
V-r vt^Csha ic J: 9 eS63tffllBiJ»l¥TB*icfe»5Jt« 
-86 0<OUiAfflffiT*5U— FLD-AtOB 

[00 4 8] X^^f 88l±, N MO S h^Vi^X^N 

1 1, v-x • KW>ng^)®ts$tiNMos h^^>^ 

X£N 1 ^7777y?6 4fOAtjffl5^C»RgtC^re^ 
X£N 1 eOV-X«JtiRS6 0iOtliWaJc. KWVU 

nmos h7>v?x^N2ioy-7ic)s^nri^o 

NMOS h7^>'XJN20Kl/^ytiA'V777^ 
6 4<DA*ttfc«l£2ftT^3o NMOSh^V^X^ 
N 2fc*NM0 S h7yi/X^N 1 V*;l/S«lf L 

[0049] *3fcNMOS h^VS/X^ N 1 (Qy— Mc 
l±iSJ8, NMO S h^V^'X^N 2 <oy— Mcti-YV/< 

— £6 2£/rLT. ^n^nx-r^s so^^fy 

y* OTT S flJ8Jl{I*t APC-A^AA«tiS«fc3»cft 
ot^Sc ft, NMOSh7»*X^Nl, N20y— 

[0 0 5 0] ifcX>fyf 8 8*W>^-?6 2*I8 
XY7f y^V^X^f y-b;l/ffl^46NMOS h 

^>^x^/cctT'^^nri^fc46apa^Tx-r^^ 

JtRS 6 0 <0Hl*O«»tt«*«« < tt^T *»*<0«»tt 

jcaa^nfcNMos h^>^x*N3tcatnsa»5tt 

[0 0 5 1 ] afiuSt LTl±X^^^8 8OTMOSF 
^6 4lC&^£n/cNMOS h^V^X^N 3<0HfflW 
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ta^rW/c ttntf PMO S h7»*X^tX-Y7f ^ L 

S^ifov-x - kw^isupmos h^v 

*>X * JEtt SC^^T'tSo 
[0 0 5 2] t>*rniC LttX^'vf 8 8 $r:ZO<DMO 

MO S h7y*>"X^OV-X • KU^VOPN^Iffl 
kJSJftffl|Ul»KSnSMOS h^>->*X^£DV-X • K 
10 U-Y VOPN»^ffifflfc<0Jt#X^<yf-8 8^7«!LI 

[0 0 5 3] /N7777y7"6 4 l±SB*|ffl. 

-;UK^pTfigT^SJ:'7t t : / >^<kt J A^aiiMOS h 

U\ A7777 4 iiffJiLJf. CMOSh7^>*X 

[0 0 5 4] C^^dtC^iW^^^U-^^V^-K 
20 LD-AtOB«ita8tt«:MW-rSfc«6©Jt«g6 Ocom^J 
'clil±^fmffi^S9 0^LT, MOSh7>->*X 
£*ffl^T<«;£;£nfcX>f **8 8 t x 4»&<i:fcA*J 
g^MOS h^>^X^T*B^^tlfc^*v^7'7 7 V7 P 6 
4tS«fflLfcfi«*S9 0tfflt\ SEiBJHIffl*<0H:« 

os h^v^>"x^T«5^^tifcx-r 7foy-x - ku 

sha ic&*DUftznmi±<o^miim%ms o, 820m 

30 D - A#«JWT«tttf . *OR3tt)taWK'>-r S75TIRI 

[0 0 5 5] Z ZlZ±tZZi C sha it I CrttCf^ 

Defend ^V^V^Csha ^^Cjg^bfe^tC 

ESS) O K;l^7Wt6«*^W*-7*«fflLfet 

[0 0 5 6] ;^7777>76 4<0ffi*«K±NM0 S h 
^>S/X*N3*oy— bklffiSESn. NMOSh7^ 
X^ N 3<0 K W>ttfiiiiR 6^LT8ift?ntl> 
50 a o NMO S h7»"X^N 3 07-Xliy- h * Kb 
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-f>ra#e»£ttfcPMo s h^>->*x£p i «fw 

VfcfflBEStU PMOS h^v'X^P 1 <OV-X(i:Jg 
jnR 5*^LT«iBVcc»C»astlTl^So PMOS h 

fitaR 6 tiit^^I/*— ;U K n vfv* C shOWSEU - 
*lcJ;5ffiSKilR8(K 8 2^Mt§PMOSh7y> ? 
X£P2, P5 0y-hfc*3»SffllEXaSA«U— *fLD 

Tt^o fitefttfiR 6 PMOSh7^ 

[0 0 5 7] mmMS 0. 8 2*ffldEtSPMOSh7 
»*X^P2, P 5(Oy— McliraV-rVtTC i -Atf 
&&cSn. ffll»fl*§ P 0 - A , P 1 - A T*ffi»tX>f y ^ 
7 6, 7 8»*X-f *y*>y£*u U— if^-f*— KLD 

- a wm&sm-stircmc t>mm so, 82 <ommm 

ti. ffiS&«R8 0. 8 2%««t5PMOSh7y^ 
P2, P 5 toy- h • VBO<0-&ItSfi!<0 I 6 fifr 

£2 5 6fgiXrt^@^{C^S^3*^*rSo «Wx.fcfl 6{g 

«8KS8(K 8 2^M«PMOSh7>i;x^P 

M77r7y76 4<Dffl2jt±NMOS h7»*X^N3 
U * h ^ v-lHjK^rffl^c'r £ PMOSh7 
Z/VTs* P XWSM 8 0, 8 2 fcSlttSaBJST 30 

t7>7g 4*«WE-r5«SEiWBg8*R»t-rsiBk:A* 
sa^*oH»iA*l8:^PMOS h^v^x^ft 

©&OMftT*a8SaS8 0. 8 2*«JSK-rSPMOS 

v^x* p 2 , p 5 <o¥- h mf±tfmmM^<D-mmft 

2, P5<oy-h£\ PMOSf7»^^P2, P5 



■9-C i -AT*ffliBijrsC^^T€?at^±IB«iffiiBOPM 
OSh7»*Z^P2, P5<Dy«-h«ffliOSi&«:lx— 
*f i^-*- FLD-A Og&ff HO— BXfflMrt £0 

ttftttTlc ck £ i®S*fk^^/jNffitc|f S * S c i: T * 
3 0 ^-n- K 7 4 U— *f £V FLD-A^fif 

[0 05 8] *l^Vh5-7-IsJB«r«JjSE-rsPMOS h 
^V^X^P l *>J;tffttWER8 0, 8 2^r4»fiK-rsPM 
OSh7»*7*P2, P 5©V— Xii'BSVcctOffl 
fcffiRSftfcfitaR 5, Rl, R 2 lifBSKK 8 0 , 8 2 

[0 0 5 9] L£>LMOS h ^ ^X^T'tt V- htBffit 
tc*f L K U-Y vmSiti-^T'lgfbTS /ci6#tcy-Xtc 
ffitfi*A*l£i&Et±fitl\, MOSh7»*X^©ffll3 
^ VX g m^t < 1 5/:46lCMO S h^VS^X 

<»^To^«i^tB^^>t!-^>Xl±fgT*rSo C 
n^rffi^tCtiMO S h^V^X^^SlC-TSft^Tj 

^fi6«T'€ftl\ *CTBBSL3rc^-5ic«8tt»8 0. 8 
2 (O&JJ^ 2/ If- ^">X^ FLD-AO 
aiH»ffie*i:^3t*5a»»4a<Q 1 6fiS?b^ 2 5 6{gtc* 
^<ft5i-9ftgJn[R 5. RK R 2 *£ffiS6Sls]B* 
MTSPMOSh^y^X^Pl, P2, P5 0V— 

xtflHHVcc^ioifflfcfiiR-rso cntcio i 6^;b 

^62 5 6 l^;l/^«fi^lBT'(Oiafii:»8isnsu-- 
If^V*- KL D-A<0/fcA6OaiAiajEO^-r+5 
UV^*OSS75-«r/^>X «fc < BUSTS C i^pjggtcft 

So 

[0 0 6 0] IS. MfflJfl^P 0-A, PI -A, A PC 
-A^ Cmm^AlcmLX) «rA*rrSB5SLTft^ 

[0061] ^te±iE«rit3b^a5*sifto>BSi»c«s 

U— tf ^*>T KB»»BO»f^«rH 2 <0 * *f -v — 
h«r#BabTSlWr5o Hmfc?«>/<-r7Xfll» 8 4 . 
8 6 y * K L D - A <OH««8!t3&iSS L T 

So ^W^®)lHlBAiCc}:oTU--»f^V^-KLD- 
AtOg®)7tS$iJSi^?f JfeWfflt 1TMW9AP 
c-a*W u^;Ucfts^, ^7fS8^*ytt« 
9»?a9 0 u-v^u y^t- Fta 5 % it 

&§§6 0©ffl*«E^3V-r>"9-Csha *c^5«pTflg&« 
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[0 0 6 2] SfcB#SJt 1 T$iJ»fI^PO-A, Pl- 
A£VW U^;Wcft£C£(C<££mffiX>Y *y^7 6, 7 

K), C<0*S», U-^^V^— KLD-Afcliffi»HB8 

O. 8 2 <fcDB8KI L D-AW^n, 

— KLD-Al±SBtefSo £ (0 tT^V t-FLD- 

7* h^Vt- FPDtfU— tf^V*— FLD-A<0?£ io 

7lc«fc0fBE»cS;8Hr*U l/-1f^t-KLD-A<0 

OOSI5X/3«B?*cA**tlSo It«886 0O3P£teA 
+f£V t-KLD-A O g©j#m'»SKc 

[0 0 6 3] Jt#S§6 Ott. ffi^Vfi/IVrl^-t-^tajE 
VPD£«rJt«U ^0{lMtciSC/c-EGJE^X^^^8 8 

v-rv^-csha ttttttBeoou^mBEJc-fc^Jcasn 

So 3Vfy»tCsha 0?tVgmi±7bV^-y^rZVy6 4 
J:0NMOS h^V>?X^N 3£0>/— htctB^^n. N 
MO S F^V^X^N 3. *UVF^-0&£*«/£*r 

spmos f^v^x^p 1 /ffiRaastu PMosh7 

V>?X£P 1 \C&*)W.%$MS 0, 8 2^Mt5PMO 

[0 0 6 4] ^:=.*18EVPDt±SflMBaBl 0 0lC<fct)gS 

H#$iJ t 2TM«MI*§A PC-A^D-U^;Wc^§t, 30 
X>f v^8 SteffifRTZUMOS F^V^X^N 1 tf* 
^tfJllt&tK nv^V^Csha ic a»3fcSi|i»JW**7fl# 

[0 0 6 5] *fcl$*J t 2TMWfi^P 0- A, P 1 - 
Atfo— u^;Wc45ci:JcJ:t)t8«tX^-y^7 6, 7 
8*M«PMOSf7^WP3, P6 3b^^«" 
®. PMOSh7»'X*P4, P7W*>W&tl3: 
*X CO^m. cnST«85ilg8 0. 8 2«fcDL^1f? 
KLD-Afc«*&<*nT^fc?8Ml LD-At±^- 

*TU ^*h^*-FPDOS51c3ttfit*fca5*OT 
■=E— *®EVPDMMcfc3o 

[0 0 6 6] &ICB$$IJ t 3TIMBK8*! P 0-A^)Wl/ 
^btc^^i:. ffl«EX>f-y^7 6^Mt5PM0S F 
^V^X^P 3tf*vmitC&£OT\ m«tiB8 0<Dtii 
*»«t Cl xl) ^U— »f^*-FLD- A 

7f 7 6£OPMOSf7»*X?P4, flt«EX<Y^7 
8©PMOSh7Vi?X*P6ti*7ftl8x OSKX-Y^ 
^7 8 P MO S F^V^X^P 7fri*V«SHC*-5*D so 
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T*^-D-K7 4tCt±mS5i^8 2^2X1 O^St^ 

[0 0 6 7] £fcB$£J t 4T*fllBMI*§P 0- A#n— U 
^;Wcft9, SJ»ffl^P 1 -AftVWU^ucftSt, 
3MX^y^7 6(OPMOS F^V^X^P 3^^"^tt 
jft. P M O S F ^ Z/*J7s ^P4^t VttflS. taSKX-Y ^ 
^7 8CDPMOS F^^^X^P 6^*Vtt», PMO 
S h^VS/X^P 7^*7*JWc4SO"C?. fB85»8 2 
OHJM«(2xI) #U-tf$r>T:*-FLD-Alc« 

t&;**v u^;i/2<oaiffiaiHft^*>nSo co^f^ 
-P-K74 \ci±mm.u 8 0 j: 9 ( 1 x 1 ) £>®«bb<flt 

[0 0 6 8] MlC»$£iJ t 5T*8U»fI*§P O-A^n— U 
^;l/Ottflg^6^WU^;!/fcftt>, MWm^P 1 -Atf 

6*PMOSh7Ve;x?P3WVttl8, PMOSF 
7y^X^P4^7mi mm.7.^y^7 8 60 PMO 
Sh7»*X^P6^vmt PMOSh7»'X^ 

x i ) &zfffiffiM8 2<oatf7ffiss (2xi) tr^ 

>r*-F*LD-AlcfiM&Stu U^;l/3«oafflglH/)^T 
WSo — D-K7 4lCt±/WTXVg^8 

6OPMO S F^V^X* P 9<fc9#rS<D/W7 T X'£Egi 

o»«inso o#su t 6t-wif po-a, p 1 

- A ±t lc / \<f 5 u — ;u tc ^ £ £ , vgift X 

^7f76^PMOSh7 >">*X ^ P 3 7«i, P 
MOSh7»*X^P4/Mvmi miSX^ y^7 8 
(DPMO S F^V>?X£ P 6^*7tt!8. PMOSh7 
>^X£ P 7tf;t>m*Uc£:£<DT\ 1B8SK8 0. 8 2 
OtB*«8Stt'r^T^5-u«K7 4lc8S*U tf^ 
Y^-FL D- A^Ct^W7X^8 4 <fct>HMiffi8S I 
th^«J&5*lS«»t?*0. &$£Ut 2 -t 3 0}M^fRl 
Ul^;l/0«oajffiffiH^*^*iSo U— *f£V*-FL 
D"-Alc86tt5®»tl LD-AcogSib^^CTJgiaR 7 
<fc "3 J±«8 6 0 ^SfcA^fe^cA^ £ *l 3 ^- £ mEE 

[0 0 6 9] mm t 7«BTti, ^©JtalSSBtCcfc*; 

*f¥^*— FL'D- AteO^TBSSJ t 1— t 6Tf? 
[0 0 7 0] W±iE-<fc«t-5fc % *a^oHfifi©JBjB^ 

ctnif. «»<ofla8E»o»4r*«wK-rspMos f^> 
>?x *ov-x i:-«iB ^P^ic u-^f^Y Kosftfp 

[0 0 7 1 ] S^JSgftiaB^»J»f^<0«»lsIK*CM 
OS F7>5/X^T*ff»[-rSfc«>PMOS F^>i/X^ 
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[0 0 7 2] mizm$itffi%:ffifS.T% PMO S h7^>*X 

•^y^x^coy-F * FWy»MJ;0t^ 

[0 0 7 3] S/cVfiifcX-T 7fOU- *fJg^<RiJ£. jffiflH 
LT«a«0fflifiS<0»4r*«|«'rSPMOS F^V^X 

T-jf? ^ tn4^«i^M-r 5 p m o s f^v^x 
*<oy- Fmo^sa* mca<o— B^SEHJWBrt 

[0 0 7 4] mcls-*f¥^*- K7l/-T'^L/- 
— o©JBKiisil50Jt«aoS«?!affii:L. *0DflS<JMBM 

I— if ^V^"— FT cq-T^TO If K<0 
[0 0 7 5] 



fc<DJttf|Rltrc**!K ^oU-lf^V^— KIM** Safe 

— *f KO«aaiH«[fl[i0rti±««Hti«i:«fc. 
Suf E&fixtc J: 5 fBffi»T*»>Mc T* ^ £ Of 1/- If £V 

[0 0 7 6] SfeH*3«2icffi«ioaM»cJ:titf. 

Sft3f!«lS!«8KX>f y ¥-*flB^T *f 2V*— F£ 
K»-r5K««W*S»ttKa-r5|Rk: % ±E*SI»ffifll 

^X^'y^^|gi6LTt ) Miam^^:«|fig*r^MOS F 

^>v ? x^oKu^v-y»hp G t ito^iaj;»^+^ * 

/StSMOS h^>i^X?<oy— hi:igifi*fet±ffl«i: 
20 ^rtBiSR-rS— t3(OMO S V;/X£<D— 7}<DMO S F 

os h-7V^x*oy-hoaffi^S6*«i»J'rSc:i:^ 

[0077] ajciB*3a3icfaao»M*c«fchtf. a* 

^>/cA6. iS«8SJc*0 U-lf^-r*— KA«»ttlLfct). 

[0078] *rcsa*JS4ii:fa«E<osiw»cj;n«i'. s^a 

O l/— +f r?V;*— F^O -5 ^tOt^-rn^— oco *f ^'^ 
— *fjt'f*'— F*B»T5 1 — ^^-r*— KKSdKiSQ 

40 I9i2— ^OS**flEfc:iES*fBJE^4itStiSJt« 

[0 1 ] *RM<D*SS©Jfc«fc«S U—*f F 
so [^2] HUc^bfcU— tf^-r*— KBSftSSOSil 
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